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ABSTRACT : PURPOSE: To provide a highly accurate electronic component mounting apparatus for 

high quality mounting which can move an electronic component to above a predetermined 
component position, measure a position shift amount of the part immediately before 
mounting and correct it, and determine whether the mounting is good or defective 
immediately after mounting. 

CONSTITUTION: A holding means 13 sucks an electronic component 12 from a 
component supply part to move it to above a predetermined mounting position 1 5. A 
plurality of image pickup means 1 1 move to a position, by an image pickup part moving 
means, where images of the electronic component 12 and a part of the predetermined 
mounting position 15 can be simultaneously picked up. A position shift calculating part 20 
measures and calculates a position shift amount from the image picked up immediately 
before mounting to correct the mounting position for performing mounting. Further from 
the image picked up immediately after mounting, a determining part 22 compares a 
mounting state with a value in an allowance storage part 21 to determine whether 
mounting is good or defective. 
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(54) Method and system for mounting electric components 



(57) A method of mounting a plurality of electric 
components on a circuit substrate and thereby produc- 
ing an electric circuit, including the steps of taking, im- 
mediately before each of the electric components is 
mounted on the circuit substrate, a first image of a first 
portion of the circuit substrate on which the each electric 
component is to be mounted and a second portion of 
the circuit substrate that is adjacent to the first portion, 



mounting the each electric component on the circuit 
substrate, taking, immediately after the each electric 
component is mounted on the circuit substrate, a sec- 
ond image of the mounted electric component and the 
second portion adjacent to the mounted electric compo- 
nent, and inspecting, by comparing the first and second 
images with each other, a state in which the each electric 
component is mounted on the circuit substrate. 
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Description 

BACKGROUND OF THE INVENTION . ^ 

5 Field of the Invention 

[0001] The present invention relates to a method and a system for mounting electric components on a circuit sub- 
strate, and particularly to the improvements of the art of inspecting the state in which each electric component is 
mounted on the circuit substrate. 

w 

Related Art Statement 

[0002] It has been practiced to inspect, when a plurality of electric components ("ECs") are mounted on a circuit 
substrate for producing an electric circuit, the state in which the ECs are mounted on the circuit substrate : for example, 
J5 judge whether the ECs have been safely mounted on the circuit substrate, or whether the ECs have been mounted at 
appropriate positions or with appropriate attitudes on the circuit substrate. 

[0003] ECs of a type which have no lead wires are temporarily attached to a circuit substrate with an adhesive or a 
solder paste, and then are finally fixed to the circuit substrate by hardening the adhesive or melting the solder paste. 
An EC mounting device mounts each EC on the adhesive or the solder paste applied in advance to each EC-mount 
20 portion of the circuit substrate. After all ECs are mounted on the circuit substrate, those ECs are finally fixed to the 
circuit substrate. An inspection is performed after the ECs are temporarily attached to the circuit substrate and/or after 
the ECs are finally fixed to the circuit substrate. 

[0004] ECs of a type which have lead wires are temporarily attached to a circuit substrate by first inserting the lead 
wires through the holes formed in the circuit substrate and subsequently folding the lead wires onto the back surface 

2S of the circuit substrate, and then are finally fixed to the circuit substrate by soldering. 

[0005] In either case, if an inspection is performed in the state in which the ECs are temporarily attached to the circuit 
substrate, the ECs can be finally fixed to the circuit substrate after an operator has solved the problems found by the 
inspection. Thus, the percentage of defective electric circuits can be reduced. Alternatively, the circuit substrate with 
which the problems are found can be discarded. In the latter case, the final fixing of the ECs to the circuit substrate 

30 can be omitted. Moreover, in the case where the problem that an EC is mounted with positional errors on a printed 
circuit board ("PCB") in a temporary-attaching step can be distinguished from the problem that an EC is mounted with 
positional errors on a PCB in a final-fixing step, appropriate countermeasures can be taken to deal with those problems, 
respectively. 

[0006] In the above-indicated background, U.S. Patent Application Serial No. 09/015,521 assigned to the Assignee 
35 of the present application discloses a system which inspects, each time one EC is mounted on a circuit substrate, the 
state in which the one EC is mounted on the circuit substrate. More specifically described, immediately after each EC 
is mounted on the circuit substrate, the disclosed system takes the image of each EC and its vicinity, compares the 
taken image with a reference image pre-stored in a memory of the system, and judges whether each EC has been 
accurately mounted on the circuit substrate. Thus, the disclosed system does not need an inspecting device which is 
40 needed in the case where an inspection is performed after all ECs are temporarily attached to a circuit substrate, and 
which is provided at a position between an EC mounting device which temporarily attaches the ECs to the circuit 
substrate, and a final-fixing device such as an adhesive hardening furnace. Thus, the disclosed system can inspect 
the state in which each EC is mounted on the substrate, without increasing the total length of an electric<;ircuit assembly 
line or the production cost thereof. 

45 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to provide an electric-component mounting method and an 
electric-component mounting system which can inspect the state in which each electric component is mounted on a 
so circuit substrate, with a higher reliability than that of the above-indicated prior system, or can employ a memory having 
a smaller capacity than that of the above-indicated prior system because of no need to store image data representing 
the reference image in the memory. 

[0008] According to a first aspect of the present invention, there is provided a method of mounting a plurality of 
electric components on a circuit substrate and thereby producing an electric circuit comprising the steps of taking, 
55 immediately before each of the electric components is mounted on the circuit substrate, a first image of a first portion 
of the circuit substrate on which the each electric component is to be mounted and a second portion of the circuit 
substrate that is adjacent to the first portion, mounting the each electric component on the circuit substrate, taking, 
immediately after the each electric component is mounted on the circuit substrate, a second image of the mounted 
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electric component and the second portion adjacent to the mounted electric component, and inspecting, by comparing 
( the first and second images with each other a state in which the each electric component is mounted on the circuit 
substrate. The timing of "immediately before each of the electric components is mounted on the circuit substrate" 
means a timing after the preceding electric component ("EC") has been mounted on the circuit substrate and before 

s the each EC is mounted on the circuit substrate, or means, in the case where the circuit substrate is moved so as to 
be positioned relative to an EC mounting head (more strictly, an EC mounting position ) : a timing after the substrate 
has been positioned relative to the EC mounting head, for mounting of the each EC : and before the each EC is mounted 
on the circuit substrate. The timing of "immediately after the each electric component is mounted on the circuit substrate" 
means a timing after the each EC has been mounted on the circuit substrate and before the following EC is mounted 

10 on the circuit substrate, or means, in the case where the circuit substrate is moved so as to be positioned relative to 
the EC mounting head, a timing after the each EC has been mounted on the circuit substrate and before the substrate 
is moved so as to be positioned relative to the EC mounting head, for mounting the following EC. However those 
timings do not mean a very short time before or after the mounting of each EC. In the case where an EC is mounted 
on a circuit substrate, a first image taken before the mounting of the EC and a second image taken after the mounting 

75 of the EC differ from each other. That is, the mounting of each EC influences the taken images. Comparing the two 
images with each other can lead to judging whether each EC has been safely mounted on the circuit substrate, or 
whether each EC has been accurately mounted on the first portion (i.e., EC-mount portion) of the circuit substrate. It 
is also possible to calculate positive and/or negative amounts of x-direction and y-direction positional errors of each 
EC mounted on the circuit substrate, and/or a positive or negative angular amount of rotation-position error of the 

20 mounted EC about an axis line passing through the center of the EC. One or more of those judging and calculating 
operations is or are one or more examples of the EC-mounting inspecting operation in which the first and second 
images are compared with each other. The present EC mounting method can enjoy a first advantage that the EC- 
mounting inspecting operation can be performed with improved reliability and/or a second advantage that a memory 
having a smaller capacity can be employed. The circuit substrate may have printed characters or lines, and/or may 

25 have one or more ECs which has or have already been mounted thereon. Although the images of the printed matters 
or the mounted ECs may be taken, both the first and second images taken before and after the mounting of each EC 
commonly include those background images. That is, the background images do not influence the comparison of the 
first and second images, and accordingly are not erroneously processed as the image of the EC in question. Thus, the 
present method can perform the EC-mounting inspecting operation with high reliability. In the case where an inspection 

30 is performed by comparing an image taken immediately after each EC is mounted on a circuit substrate, with a reference 
image stored in a memory, it is usual for the reference image to include an image of an EC but not to include any 
background images such as images of printed characters or tines. In this case, therefore, the background images make 
the taken image different from the reference image, thereby introducing an error into the inspection. In contrast, in the 
present method, two images are taken before and after the mounting of each EC and are compared with each other. 

35 Therefore, the present method can accurately recognize each EC and can perform a reliable inspection. In order to 
avoid an erroneous inspection, it is possible to employ a modified reference image including one or more background 
images such as images of printed characters or lines. However, it is cumbersome to prepare the modified reference 
image. The present method can improve the accuracy or reliability of inspection, while avoiding this problem. In addition, 
since the present method inspects the state in which each EC is mounted on the circuit substrate, by comparing the 

40 two images taken before and after the mounting of each EC with each other, the present method does not need pre- 
store, in a memory, a plurality of sets of image data representing different reference images corresponding to different 
sorts of ECs, in contrast to the case where an image taken after each of different sorts of ECs is mounted on the circuit 
substrate is compared with a corresponding one of different reference images pre-stored in a memory. Thus, the present 
method can employ a memory having a smaller capacity, which contributes to reducing the cost of production of an 

45 EC mounting system which performs the present method. 

[0009] Preferably, the step of taking the first image comprises taking the first image, using an image taking device, 
at-a position relative to the circuit substrate, and the step of taking the second image comprises taking the second 
image using the image taking device at the position relative to the circuit substrate. In the case where an EC mounting 
head mounts each EC on the circuit substrate at a predetermined position and the circuit substrate is moved so as to 

50 be positioned relative to the EC mounting head, the image taking device can be provided at a position where the image 
taking device cannot be interfered with by the EC mounting head. In this case, it is not needed to move the image 
taking device relative to the circuit substrate. In the case where the circuit substrate is provided at a fixed position and 
an EC mounting head is moved so as to be positioned relative to the circuit substrate, it is preferred to employ a 
common moving device which moves both the image taking device and the EC mounting head. In the present method, 

55 the single image taking device suffices, which leads to reducing the cost of the inspection as compared with the case 
where two images are taken by different image taking devices before and after the mounting of each EC, respectively. 
In addition, since the two images before and after the mounting of each EC are taken from the same point of view, the 
two images are identical with each other except the absence or presence of each EC. Thus, the present method can 
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perform an accurate inspection. 

[0010] The step of mounting each electric component may comprise rotating a component holder which is rotatable 
about an axis line and which holds the each electric component, stopping the component holder at a predetermined 
component mounting position, moving the first portion of the circuit substrate to a position corresponding to the com- 

s ponent mounting position, and mounting the each electric component on the first portion positioned at the component 
mounting position, and the steps of taking the first and second images comprise taking the first and second images in 
a state in which the first portion is positioned at the component mounting position. An image taking device may be 
used in such a manner that in the state in which an EC mounting head including the component ('EC") holder is stopped 
at the predetermined component ("EC") mounting position, the image taking device is moved to a position away from 

io the EC mounting position and, after the EC mounting head is moved from the EC mounting position, the image taking 
device is moved to the EC mounting position. In this case, the image taking device can take each of the first and second 
images at a position right above the first portion of the circuit substrate. Alternatively, an image taking device may be 
provided at a position where the image taking device cannot be interfered with by an EC mounting head, as described 
above. In the latter case, it is not needed to move the image taking device. Thus, the image taking device can enjoy 

1$ a simple construction. In addition, since no time is needed to move the image taking device, the present method can 
enjoy improved EC mounting efficiency. 

[0011] The step of taking the first image may comprise taking, using an image taking device having a predetermined 
field of view, the first image at a timing before a component holder which holds the each electric component enters a 
predetermined image-process area included in the field of view of the image taking device, and the step of taking the 

20 second image comprises- taking, using the image taking device, the second image at a timing after the component 
holder mounts the each electric component on the circuit substrate and exits from the image-process area. The image 
taking device may take an image at a position right above the first portion (i.e., EC-mount portion) of the circuit substrate, 
or in a direction inclined with respect to a straight line perpendicular to the circuit substrate. In the latter case, the image 
taking device may take an image in the state in which the component ("EC") holder is positioned at the position right 

25 above the EC-mount portion of the circuit substrate. When the EC holder which holds the EC is moved toward and 
away from the circuit substrate, the EC holder enters, and exits from, the image-process area included in the image- 
take area (i.e., field of view) of the image taking device. The image taking device takes an image currently present in 
its image-take area. The image-take area depends on the shapes and dimensions of an optical system and an image 
sensor or sensors of the image taking device. For example, in the case where an optical system defines a circular field 

30 of view and image sensors define a square field of view smaller than the circular field of view, the optical system and 
the image sensors define a square image-take area. In the case where the entire image (i.e., the entire image data) 
taken through the image-take area is processed, the image-take area is equal to the image- process area. On the other 
hand, in the case where only an image taken through a predetermined portion of the image-take area is processed, 
the predetermined portion is defined as the image-process area. If the image taking device takes the two images in 

35 the state in which the EC holder is positioned outside the image-process area, each of the two images does not include 
the image of the EC holder. Thus, the image of the EC holder is prevented from being erroneously processed as the 
image of each EC. Therefore, the present method can perform a reliable inspection. The size of the image-process 
area may be changed depending upon the size of ECs, or may be constant independent of the size of ECs. In the 
former case, the image taking device may take images at respective predetermined timings at which the image of the 

40 EC holder is not present in any sizes of image-process areas, or alternatively at respective timings that are changed 
depending upon the size of the current image-process area. In the present method, the image taking device takes the 
two images in the state in which the EC holder is not present in the image-process area. Thus, the present method 
can perform the inspection which is not adversely influenced by the image of the EC holder. In the particular case 
where the image taking device takes the two images at respective timings that are determined depending upon the 

45 size of the current image-process area, the present method can perform a reliable inspection without lowering the EC 
mounting efficiency. 

[0012] Alternatively, the step of taking the first image may comprise taking the first image at a timing at which the 
taken first image includes a third image of a component holder which holds the each electric component, and the step 
of taking the second image comprises taking the second image at a timing at which the taken second image includes 

50 a fourth image of the component holder which has mounted the each electric component on the circuit substrate, the 
fourth image included in the second image being substantially identical with the third image included in the first image. 
According to the present method, the image of the component ("EC") holder included in the first image taken before 
the mounting of each EC is substantially identical with the image of the EC holder included in the second image taken 
after the mounting of each EC. Therefore, the image of the EC holder is not erroneously processed as the image of 

55 each EC. Thus, the present method can perform an accurate inspection by comparing the first and second images 
with each other. The problem of whether respective images of the EC holder included in two two images are substantially 
identical with each other occurs only to the image-process area included in the image-take area (i.e., field of view) of 
the image taking device. However, if identical images of the EC holder are present in the image-take area at respective 
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timings before and after the mounting of each EC, it is natural that identical images of the EC holder should be present 
in the image-process area at the two timings. This feature may be combined with one or more of the previous features 
so that, for example, a portion of the movement of the EC holder toward or away from the circuit substrate and a portion 
of the movement of the substrate are concurrently performed. The first and second images are taken in the state in 

5 which the circuit substrate remains stopped. However since each of the first and second images is permitted to include 
the image of the EC holder, the first image can be taken at a later timing before the mounting of each EC. and the 
second image can be taken at an earlier timing after the mounting of each EC ; as compared with the case where the 
first and second images are not permitted to include the image of the EC holder. Thus, the movement of the circuit 
substrate can be stopped at a later timing, and can be started at an earlier timing, so that a portion of the movement 

10 of the EC holder and a portion of the movement of the substrate can be concurrently performed. Thus, for example ; 
the circuit substrate can be moved for a longer time, can be moved at a lower velocity, acceleration, and deceieration. 
and can be started and stopped with less vibration. The ECs mounted on the circuit substrate are prevented from being 
moved out of position on the circuit substrate or falling off the substrate, and the vibration of the EC mounting system 
as a whole is effectively prevented. In the case where it is not needed to lower the velocity, acceleration, or deceleration 

is of movement of the substrate, it is possible to shorten the cycle time of mounting of ECs (i.e., time needed for each 
EC to be mounted on the circuit substrate after the preceding EC is mounted on the circuit substrate) and thereby 
improve the efficiency of mounting of ECs. These advantages can be obtained also when this feature is applied to the 
case where the circuit substrate is moved along a first axis and the EC holder is moved along a second axis perpen- 
d»cuUr to tho tirst axis on a two-dimensional plane. This feature may be applied to the case where the circuit substrate 

20 ib pc»Utonod rmd held at a fixed position, the EC holder is moved to any desired position along the plane of the substrate 
bo r«i to mtmnt oach EC on the circuit substrate, and an image taking device is moved with the the EC holder. In this 
Onus mo rrvicjo taking device takes images after the EC holder is moved to an EC mounting position and the image 
UKtng dcvico © stopped. Since the first and second images taken by the image taking device are permitted to include 
tno ffT^igo o* l*>e EC holder, the first image can be taken at a later timing, and the second image can be taken at an 

2S o.iriicf imtng as compared with the case where the first and second images are not permitted to include the image of 
mo EC r>ok>of Thus, the movement of the EC holder can be stopped at a later timing and can be started at an earlier 
tiring so n^t tho EC holder can be moved for a longer time, or the cycle time of mounting of ECs can be shortened. 
In the chso wrofc the route along which the EC holder is moved toward the EC mounting position is different from the 
routn along wneh the EC holder is moved away from that position, the EC holder is required to reach the EC mounting 

30 posit on and s:op at that position, before the image taking device takes images. On the other hand, in the case where 
the EC holder is moved, after the mounting of each EC, in the opposite direction along the same route as that along 
which the EC holder holder is moved before the mounting of each EC. it is not essentially required that the EC holder 
be stopped at the EC mounting position before the image taking device takes images. 

[001 3] The step of inspecting the state may comprise judging whether the each electric component has been mounted 
35 on the circuit substrate. When each EC is safely mounted on the circuit substrate, the second image taken after the 
mounting of each EC includes the image of the EC that is not included in the first image taken before the mounting of 
the EC Thus, whether each EC has been mounted on the substrate can be judged by comparing the first and second 
images with each other Whether each EC has been safely mounted on the circuit substrate may be inspected based 
on the shadow of the EC that is formed by a lighting device, as will be explained in the detailed description of the 
40 preferred embodiments, or may be inspected based on the image of the EC itself. In the former case, a reliable in- 
spection can be performed even though the color of the EC may be very similar to that of the circuit substrate and the 
image of the EC may not be distinguished from that of the circuit substrate. The images may be chromatic or mono- 
chromatic. 

[0014] The step of inspecting the state may comprise judging whether the each electric component has been accu- 
4S rately mounted on the first portion of the circuit substrate. Whether each EC has been accurately mounted on the first 
portion of the circuit substrate may be judged by comparing the position of an electrically conductive pad which is 
provided on the circuit substrate and is to be electrically connected to the EC, and the position of the EC mounted on 
the circuit substrate. 

[0015] One or more of the above features of the EC mounting method may be combined with one or more of the 

so following features of the EC mounting system that will be described below. 

[0016] According to a second aspect of the present invention, there is provided an electric -component mounting 
system comprising a circuit-substrate supporting device which supports a circuit substrate; an electric -component 
mounting device which mounts a plurality of electric components on the circuit substrate supported by the circuit- 
substrate supporting device; an image taking device which takes, immediately before each of the electric components 

55 is mounted on the circuit substrate, a first image of a first portion of the circuit substrate on which the each electric 
component is to be mounted and a second portion of the circuit substrate that is adjacent to the first portion, the image 
taking device taking, immediately after the each electric component is mounted on the circuit substrate, a second image 
of the mounted electric component and the second portion adjacent to the mounted electric component; and an in- 
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specting device which inspects, by comparing the first and second images with each other, a state in which the each 
slectric component is mounted on the circuit substrate The EC mounting device may comprise at least one EC holder 
which holds an EC. The EC holder may be one which is provided at a fixed position, or one which is moved, and is 
positioned at a predetermined position, by an EC-holder moving device. The EC-holder moving device moves the EC 

5 holder in at least one direction intersecting an axial direction parallel to an axis line ol the EC holder, and positions the 
EC holder at the predetermined position. The EC-holder moving device may be one which includes a plurality of rotary 
members which are rotatable about a common axis line, independent of each other and additionally includes a rotary- 
motion applying device which applies, to each of the rotary members, a rotary motion such that the each rotary member 
is fully rotated about the common axis, is stopped at least one time during its full rotation, and keeps a predetermined 

10 time difference from its preceding rotary member. Alternatively, the EC-holder moving device may be one which includes 
an intermittent-rotation body which is intermittently rotatable about an axis line and has a plurality of EC holders at 
respective equal distances from the axis line, and additionally includes a rotating device which intermittently rotates 
the intermittent-rotation body at an intermittent-rotation angular pitch equal to a spacing angular pitch at which the EC 
holders are equiangularly spaced from each other about the axis line. Otherwise, the EC-holder moving device may 

is be one which includes a rotatable body which is rotatable about an axis line and has a plurality of EC holders on a 
circle whose center rides on the axis line, and additionally includes a rotating device which rotates the rotatable body 
by any desired angle in any desired direction. Moreover, the EC-holder moving device may be one which includes a 
movable member which has at least one EC holder, and additionally includes a movable-member moving device which 
moves the movable member in a direction perpendicular to an axis line of the EC holder. The movable-member moving 

20 device may be one which moves the movable member along a straight line, or along each of two straight lines per- 
pendicular to each other on a two-dimensional plane. The above-described EC-holder moving device which includes 
the rotary members and the rotary-motion applying device, or the above-described EC-holder moving device which 
includes the intermittent-rotation body or the rotatable body and the rotating device may be provided on a movable 
member, and the movable member may be moved by a movable-member moving device. In the last case, the movable 

2S member and the movable-member moving device cooperate with the rotary members and the rotary-motion applying 
device, or the intermittent-rotation body or the rotatable body and the rotating device, to provide an EC-holder moving 
device. The circuit-substrate supporting device may have a construction corresponding to that of the EC mounting 
device. For example, the supporting device may be one which positions and holds the circuit substrate and moves the 
circuit substrate in two directions perpendicular to each other on a two-dimensional plane (e.g., a horizontal plane), 

30 one which moves the circuit substrate along a straight line, or one which positions and holds the circuit substrate at a 
fixed position. The EC mounting system according to this second aspect enjoys the same advantages as those of the 
EC mounting method according to the first aspect. 

[0017] The mounting system may further comprise a lighting device which emits a light toward the circuit substrate 
in a first direction inclined with respect to a straight line perpendicular to a surface of the circuit substrate, the image 

35 taking device being oriented toward the circuit substrate such that the image taking device takes the first and second 
images in a second direction inclined with respect to the straight line. The lighting device may be a slit-light emitting 
device which emits a flat, slit light, a columnar-light emitting device which emits a columnar light, or a radial-light emitting 
device which includes a point light source and emits a radial light. It is preferred that the slit -light emitting device or the 
columnar-light emitting device emit parallel light fluxes all of which are parallel to the optical axis thereof. For example, 

40 a columnar parallel light may be provided by a device including a semiconductor laser device and a beam expander, 
and a slit light may be provided by the columnar parallel light which passes through a slit. The radial-iight emitting 
device may be obtained at the lowest cost. Excellent images can be obtained using a parallel light, and the thus obtained 
images can be easily processed. According to this feature, the image taking device can take the image of each EC 
and its vicinity in the state in which an EC holder faces the first portion (i.e., EC-mount portion) of the circuit substrate. 

45 That is, the EC holder may not be moved away from the position opposed to the EC-mount portion, when the image- 
taking device takes an image. Thus, the present system can efficiently take the first and second images and inspect 
the state in which each EC is mounted on the substrate. In the case where each EC is lighted using a columnar light 
or a radial light whose cross section is much greater than the dimensions of the EC, the EC can be more reliably lighted 
than lighted using a slit light, even rf respective upper surfaces of ECs mounted on the circuit substrate may have 

so different heights because of different heights of the ECs or the warpage of the circuit substrate. In addition, the columnar 
light or the radial light is less likely to be completely interrupted by the ECs which have already been mounted on the 
circuit substrate, and the image of at least a portion of each EC can be taken and the state in which the EC is mounted 
on the circuit substrate can be inspected. According to the second aspect, it is not essential to employ a lighting device. 
However, according to this feature wherein a lighting device is employed, clear images can be easily taken. In addition, 

55 in the case where the lighting device emits a light toward the circuit substrate in a direction inclined with respect to a 
straight line perpendicular to the circuit substrate, the shadow of each EC is surely formed on the circuit substrate. 
Thus, the present system can easily inspect the state in which each EC is mounted on the circuit substrate. 
[0018] The electric-component mounting device may comprise a plurality of component holders which hold respective 
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electric components and which are rotated about a common axis tine while being sequentially stopped at a preceter- 
mined component mounting position, the circuit-substrate supporting device comprise- a circuit-substrate positioning 
device which positions the first portion of the circuit substrate at a position corresponding to the component mounting 
position, and the image taking device comprise a stationary image taking device which is provided in vicinity of the 
5 component mounting position. 

[001 9] The inspecting device may comprise means for judging whether the each electric component has been mount- 
ed on the circuit substrate. 

[0020] The inspecting device may comprise means for judging whether the each electric component has been ac- 
curately mounted on the first portion of the circuit substrate. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The above and optional objects, features, and advantages of the present invention will be better understood 
by reading the following detailed description of the preferred embodiments of the invention when considered in con- 
15 junction with the accompanying drawings, in which: 

Fig. 1 is a partly cross-sectioned : front elevation view ot an electric-component ("EC") mounting system including 
an EC-mounting inspecting device to which the present invention is applied: 

Fig. 2 is a partly cross-sectioned, front elevation view of a printed-circuit-board ("PCB") supporting device of the 
20 EC mounting system of Fig. 1 ; 

Fig. 3 is a side elevation view of the PCB supporting device of Fig. 2; 
Fig. 4 is a plan view of the PCB supporting device of Fig. 2; 

Fig. 5A is a view for illustrating a geometrical relationship between a columnar parallel light ("CPL") emitted by a 
CPL emitting device as an element of the inspecting device of Fig. 1 , and the CPLs reflected by an EC and a PCB; 

2S Fig. 5B is a view for illustrating an image formed by the reflected CPL on an image-take surface of a charge- 

coupled-device ("CCD") camera as another element of the inspecting device of Fig. 1 ; 
Fig. 6 is a timing chart indicating respective timings at which the CCD camera takes images: 
Figs. 7A to 7D are views for illustrating sequential steps at which an EC held by an EC sucker is mounted on a 
PCB as an index table shown in Fig. 1 is rotated by a cam mechanism (not shown); 

30 Fig. 8A is a view for illustrating an image present in a field of view of the CCD camera immediately before the EC 

is mounted on the PCB; 

Fig. SB is a view for illustrating an image present in the field of view of the CCD camera immediately after the EC 
is mounted on the PCB; 

Fig. 9 is a view of an image formed on the image-take surface of the CCD camera: 
35 Fig. 10 is an illustrative view of a random access memory ("RAM") of a computer as an essential element of an 

image processing device as another element of the inspecting device of Fig. 1 ; 

Fig. 11 is a flow chart representing an EC-mounting inspecting routine which is stored in a read only memory 
("ROM") of the computer; 

Fig. 12 is a timing chart corresponding to Fig. 6, indicating respective timings at which a CCD camera of an in- 
40 specting device of another EC mounting system as a second embodiment of the present invention takes images; 

Fig. 13A is a view for illustrating an image present in a field of view of the CCD camera immediately before an EC 
is mounted on a PCB according to the timing chart of Fig. 12; 

Fig. 13B is a view for illustrating an image present in the field of view of the CCD camera immediately after the 
EC is mounted on the PCB according to the timing chart of Fig. 12; 
45 Fig. 14 is a plan view of an EC inspected by an inspecting device of another EC mounting system as a third 

embodiment of the present invention, and conductive pads provided on a PCB; 

Fig. 15 is a view of the EC and the pads shown in Fig. 14 and an image formed on an image-take surface of a 
CCD camera of the inspecting device; 

Fig. 1 6 is a flow chart representing an EC-mounting inspecting routine according to which whether an EC has been 
so accurately mounted on a PCB is judged by the inspecting device; 

Fig. 1 7 is a view of a relevant portion of a RAM of a computer of an image processing device of the inspecting device; 

Fig. 1 8 is a flow chart representing an EC-mounting inspecting routine according to which whether an EC has been 

safely mounted on a PCB, whether the EC is unfixed on the PCB, and whether the EC has been accurately mounted 

on the PCB are judged by an inspecting device of another EC amounting system as a fourth embodiment of the 
55 present invention; 

Fig. 19 is a view of an EC and conductive pads and respective images of the EC and the pads that are taken in 

the case where the EC is mounted on a PCB which can be elevated and lowered; 

Fig. 20 is a view of an EC and conductive pads and respective images of the EC and the pads that are taken in 
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the case where a CPL emitting device of an inspecting device ot another EC mounting system as a fifth embodiment 
, of the present invention emits a CPL at an arbitrary angle with respect to a straight line perpendicular to a PC3 
and a CCD camera of the inspecting device takes the images at an arbitrary angle with respect to the straight line: 
Fig. 21 is a front elevation view of a slit-light emitting device as a lighting device of an inspecting device of another 
5 EC mounting system as a sixth embodiment ol the present invention: 

Figs. 22A is a view showing a geometric relationship between a slit light emitted by the slit-light emitting device of 

Fig. 21 and a reflected slit light; 

Fig. 22B is a view of the slit light incident to a PCB: 

Fig. 22C is a view of an image formed on an image-take surface of a CCD camera of the inspecting device before 
10 an EC is mounted on the PCB; 

Fig. 22D is a view of the slit light incident to the PCB and the EC mounted on the PCB; 

Fig. 22E is a view of an image formed on the image-take surface of the CCD camera of the inspecting device; 

Fig. 23 is a plan view of another EC mounting system as a seventh embodiment of the present invention; 

Fig. 24 is a side elevation view of the EC mounting system of Fig. 23; 
is Fig. 25 is a plan view of an EC which is mounted on a PCB by the EC mounting system of Fig. 23; 

Fig. 26 is a plan view of conductive pads provided on a PCB on which ECs are mounted by the EC mounting 

system of Fig. 23; 

Fig 27 is a flow chart representing an EC-mounting inspecting routine which is stored in a ROM of a computer of 
an imago processing device as an element of an inspecting device of the EC mounting system of Fig. 23; 
20 Fig 25 is d view of images of conductive pads and seek lines employed for determining, according to the routine 

of F»q 27 icspective positions of the images of the pads on an image-take surface of a CCD camera of the 
mscccimc device; and 

Tips 23 A to 29D are views for illustrating the manner in which whether an EC has been accurately mounted on a 
PCB c looped according to the routine of Fig. 27. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(0022] Rcfcrrng to Figs. 1 to 11 , there will be described an electric-component ("EC") mounting system 10 to which 
tho prosonl nvention is applied. 

30 [0023] Fig i is a partly cross-sectioned, front elevation view of an essential portion of the EC mounting system 10. 
The EC mounting system 10 includes an EC mounting device 24 which mounts ECs 22 (Fig. 5A) on a printed circuit 
board fPCB # ) 20 as a circuit substrate: a PCB supporting device 28 which supports and moves the PCB 20; an EC 
supplying cevce 30 which supplies the ECs 22 to the EC mounting device 24; an EC-mounting inspecting device 32 
which inspects the state in which each EC 22 is mounted on the PCB 20; and a control device 34 which controls the 

35 EC mounting device 24, the PCB supporting device 28, the EC supplying device 30, and the EC-mounting inspecting 
device 32 

[0024] The EC mounting device 24 is of a so-called 'index' type. The EC mounting device 24 will be described below, 
briefly, as needed to help understand the present invention. The EC mounting device 24 includes a stationary cylindrical 
member 36 whose central axis line extends in a vertical direction (i.e., Z direction) in Fig. 1; an index table 38 which 

40 is provided below the cylindrical member 36 such that the index table 38 is rotatable about the central axis line of the 
cylindrical member 36; twenty EC mounting units 40 (only two units 40 are shown in Fig. 1) which are provided on an 
outer cylindrical surface of the index table 38 such that the twenty units 40 are equidistant from one another on the 
outer surface of the index table 38 and such that each one of the twenty units 40 is movable independent of the other 
units 40 in the 2 direction; a cylindrical cam 42 which moves, i.e., elevates and lowers the twenty EC mounting units 

4$ 40 in the Z direction as the index table 38 is rotated; and two elevating and lowering members 46 one of which lowers 
and elevates, in the Z direction, one EC mounting unit 40 being positioned at an EC sucking position where an EC 
sucker (i.e., an EC holder) 44 of the one unit 40 sucks and holds an EC 22 and the other of which lowers and elevates, 
in the Z direction and independent of the one unit 40, another EC mounting unit 40 being positioned at an EC mounting 
position where the EC 22 sucked and held by the EC sucker 44 of the another unit 40 is mounted on the PCB 20. The 

so EC supplying device 30 includes a plurality of EC supplying units 48 each of which supplies ECs 22 one by one to the 
EC sucking position shown on the right-hand side of the index table 39 in Fig. 1. The EC sucking position can be said 
as an EC taking position where each EC mounting unit 40 takes an EC 22 from the EC supplying device 30. The EC 
mounting position is shown on the left-hand side of the index table 38 in Fig. 1 . The EC sucker 44 of each EC mounting 
unit 40 sucks and holds an EC 22 by applying a vacuum, i.e., a negative pressure thereto. 

55 [0025] The plurality of EC supplying units 48 of the EC supplying device 30 are attached to a movable table as a 
unit-support member such that respective EC-supply portions of the supplying units 48 are arranged along a straight 
line parallel to an X direction in which a PCB conveying device (described later) of the PCB supporting device 28 
conveys each PCB 20. When the movable table is moved in the X direction by a table moving device (not shown), the 
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respective EC-supply portions of the supplying units 48 are sequentially positioned at the EC sucking position, belcw 
t^e EC sucker 44 of one EC mounting unit 40 being positioned at the EC sucking position. The EC sucking position 
can also be said as an EC supplying position where each EC supplying unit 48 supplies ECs 22 one by one. 
[0026] An outer cylindrical surface of the cylindrical cam 42 has a cam groove (not shown), and each of the EC 

5 mounting units 40 includes a cam follower 50 which is engaged with the cam groove of the cylindrical cam 42. The 
engagement of the cam follower 50 of each unit 40 with the cam groove of the cam 42 defines the position of the each 
unit in the Z direction. The twenty EC mounting units 40 are rotation-symmetric with one another with respect to the 
central axis line of the cylindrical member 35. The index table 36 is intermittently rotated at an intermittent-rotation 
angular pitch of 18 degrees about the axis line of the cylindrical member 36 by a cam mechanism (not shown) which 

10 js independent of the cylindrical cam 42 and the cam followers 50. The angular pitch of 18 degrees is obtained by 
dividing 360 degrees by the total number, 20 : of the EC mounting units 40. As the index table 38 is intermittently rotated, 
each of the twenty units 40 is moved over each angular pitch, and then stopped : and this moving and stopping are 
repeated. Thus : each unit 40 is sequentially stopped at twenty stop positions including the EC sucking position and 
the EC mounting position. Since, however, the cylindrical cam 42 is not rotated, the cam follower 50 of each unit 40 is 

f5 rolled over in the cam groove of the cylindrical cam 42. Since the cam groove includes a portion whose position in the 
Z direction continuously changes, the Z-direction position of each unit 40 is continuously changed when the cam follower 
50 of the each unit 40 is rolled over in that portion of the cam groove. By employing a cylindrical cam 42 whose cam 
groove has a desired shape or pattern, it is possible to freely determine, in advance, the locus of Z- direction movement 
of the lower end of the EC sucker 44 of each unit 40. In the present embodiment, the cam groove of the cylindrical 

20 cam 42 is so formed that each of the EC mounting units 40 takes respective Z-direction positions, shown in Fig. 1 , at 
the EC sucking position and the EC mounting position, respectively. In Fig. 1, the two elevating and lowering members 
46 take their upper-end positions. 

[0027] The two elevating and lowering members 46 have respective auxiliary cam grooves 52 which cooperate with 
the main cam groove of the cylindrical cam 42 to provide a generally annular cam groove. The two members 46 are 

2S lowered and elevated in the Z direction by two elevating and lowering devices (not shown), respectively independent 
of each other. Each of the two elevating and lowering devices lowers and elevates a corresponding one of the two 
members 46 in a state in which the auxiliary cam groove 52 of the one member 46 is engaged with the cam follower 
50 of one EC mounting unit 40 being positioned at a corresponding one of the EC sucking position and the EC mounting 
position. The timing at which each member 46 lowers and elevates one unit. 40 will be described later. 

30 [0028] As shown in Figs. 1 to 4, the PCB supporting device 23 includes a PCB conveying device 58 which conveys 
PCBs 20; a PCB holding device 60 which positions and holds each PCB 20 which has been conveyed by the PCB 
conveying device 58; an elevating and lowering device 62 which elevates and lowers, in the Z direction, the PCB 
conveying device 58 and the PCB holding device 60 between a PCB receiving and handing-over height position indi- 
cated at two-dot chain line in Fig. 1 and an EC mounting height position indicated at solid line; a height-position adjusting 

35 device 64 which adjusts the EC mounting height position of the PCB holding device 60 (and the PCB conveying device 
58); and an X-Y table 66 which supports the PCB holding device 60 via the height-position adjusting device 64 and 
moves the PCB holding device 60 to any desired position on a horizontal plane. 

[0029] The PCB conveying device 58 conveys each PCB 20 in the X direction perpendicular to the plane of the 
drawing sheet of Fig. 1 : and the PCB holding device 60 positions and holds the PCB 20 which has been conveyed to 

■*o a predetermined position by the PCB conveying device 58. With the PCB conveying device 58 being elevated to the 
PCB receiving and handing-over height position by the elevating and lowering device 62, the PCB conveying device 
58 conveys one PCB 20 on which the ECs 22 have been mounted ; and hands over the PCB 20 to a PCB carry-out 
device (not shown), and then receives another PCB 20 on which ECs 22 are to be mounted, from a PCB carry -in device 
(not shown) and conveys the PCB 20 to the predetermined position. 

45 [0030] With the PCB holding device 60 and the PCB conveying device 58 being lowered to the EC mounting height 
position by the elevating and lowering device 62. the height-position adjusting device 64 adjusts the respective height 
positions of the PCB holding device 60 and the PCB conveying device 58, thereby adjusting the height position of the 
PCB 20 held by the PCB holding device 60, depending upon the height (i.e., the Z-direction dimension) of the ECs 22 
to be mounted on the PCB 20. 

50 [0031] The X-Y table 66 moves the PCB holding device 60 and the PCB conveying device 58 being held at the EC 
mounting height position, to any desired position on a horizontal plane, so that an EC-mount portion of the PCB 20 
where an EC 22 is to be mounted is moved and positioned right below the EC sucker 44 of one EC mounting unit 40 
being positioned at the EC mounting position. The X-Y table 56 includes an X table 106 and a Y table 104. The X table 
106 is moved in the X direction by a X-table moving device 96 including a feed screw 90, a nut 92, and an X-table 

55 moving servomotor 96, and the Y table 1 04 is moved in a Y direction perpendicular to the X direction on a horizontal 
plane, by a Y-table moving device 99 including a feed screw 98 and a nut and a Y-table moving servomotor (both not 
shown). 

[0032] The PCB supporting device 28 will be described in more detail below. 
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[0033] Fig. 2 is an enlarged, front elevation view of the PCB supporting device 28 shown in Fig. 1 . The PCB conveying 
device 58 includes a main frame 67 which has a central opening and extends in a horizontal plane: and a pair of side 
frames 68, 69 which are supported by the main frame 67. The main frame 67 is elevated and lowered by the elevating 
and lowering device 62 and, at the EC mounting height position, the height position of the main frame 62 is adjusted 

5 by the height-position adjusting device 64, so that the two side frames 68, 69 are elevated and lowered and the height 
position thereof is adjusted. The PCB conveying device 58 further includes a pair of conveying belts 72 (only one belt 
72 is shown in Fig. 2) which are supported by the two side frames 6S : 69 : respectively and which extend parallel to 
each other; and a rotation transmitting device including a plurality of gears 74 and a rotatable axis member 76 which 
cooperate with each other to operate or move the pair of belts 72. The pair of belts 72 support opposite end portions 

io of each PCB 20. When the axis member 76 is rotated by an electric motor (not shown), the two belts 72 are moved at 
the same speed, so that the PCB 20 is stably conveyed at that speed. 

[0034] The PCB holding device 60 includes two fixed clamping members 80 which are fixed to the two side frames 
68, 69, respectively; and two movable clamping members 82 (only one member 82 fixed to the side frame 69 is shown 
in Fig. 2) which cooperate with the corresponding fixed clamping members 80 to clamp the opposite end portions of 

75 each PCB 20. The movable clamping members 82 are biased by respective springs 84 as biasing members, so that 
they are held at their inoperative positions below the belts 72 away from the fixed clamping members 80. When two 
air-operated cylinder devices 86 are operated, the two movable clamping members 82 are moved toward the corre- 
sponding fixed clamping members 82 against the biasing forces of the springs 84, so that the movable and fixed 
clamping members 82, 80 cooperate with each other to clamp each PCB 20. 

20 [0035] As shown in Figs. 3 and 4, the height-position adjusting device 64 includes a Z table 100 which supports, 
under the lower surface of the main frame 67, the main frame 67 of the PCB moving device 58 being held at the EC 
mounting height position; and a Z-direction moving device 102 which moves the Z table 100 in the Z direction. As is 
apparent from Fig. 4, the Z table 100 is equipped with four rollers 118 at four places on its side surfaces, respectively, 
such that the rollers 118 are rotatable about their axis lines parallel to a horizontal plane. When the four rollers 118 are 

25 moved in the Z direction by the Z-direction moving device 102 ; the Z table 1 00 is moved in the Z direction. The Z table 
100 is equipped with two positioning bushings 120 in which two positioning shafts 122 each fixed to the Y table 104 
are fitted, respectively, so that the Z table 100 and the Y table 104 are inhibited from being moved relative to each 
other in the X direction and the Y direction. The main frame 67 is equipped with a horizontally control mechanism (not 
shown), and the main frame 67 is supported by the Z table 100 via the horizontally control mechanism, so that an 

30 upper surface of the main frame 67, i.e., an upper surface of the PCB 20 can maintain an accurately horizontal attitude 
As shown in Fig. 4, the main frame 67 is equipped with a rail 124, and the Y table 104 is equipped with a linear guide 
126 (however, the members 124, 126 are not shown in the other figures), so that the main frame 67 and the Y table 
104 can be smoothly moved relative to each other and can be effectively prevented from being moved out of position 
relative to each other in the X and Y directions. 

35 [0036] The Z-table moving device 1 02 includes a wedge block frame 130; a wedge-block-frame moving device 1 32 
which moves, on the Y table 1 04, the wedge block frame 1 30 relative to the Y table 1 04 in the X direction; and a relative- 
position detector 134 which detects the position of the wedge block frame 130 relative to the Y table 104 in the X 
direction. 

[0037] The wedge block frame 130 is a rectangular frame which is provided by two rails 135 and two connection 
40 members 136 which connect the two rails 1 35 to each other such that the two rails 135 extend parallel to each other 
in the X direction. Two identical wedge blocks 138 are provided at two places on each of the two rails 135. Thus, the 
wedge block frame 130 is equipped with four wedge blocks 138 in total. Each of the four wedge blocks 136 has an 
inclined surface 140, and a vector representative of a normal line of the inclined surface 140 does not have any Y- 
directton component and has only Z-direction and X-direction components. The respective inclined surfaces 140 of 
<?5 the four wedge blocks 138 are engageable with the four rollers 11 8 of the Z table 100, respectively. The wedge block 
frame 1 30 is moved, on the Y table 1 04, by the wedge-block-frame moving device 1 32 (described later) relative to the 

Y table 104 in the X direction, so that the wedge blocks 1 38 provided on the frame 1 30 are also moved relative to the 

Y table 104 in the X direction. However, the Z table 100 having the rollers 118 with which the wedge blocks 138 are 
engageable are inhibited from being moved relative to the Y table 104 in the X and Y directions, as described above. 

50 Therefore, when the wedge block frame 130 is moved relative to the Y table 104 in the X direction, the Z table 100 is 
moved relative to the Y table 104 in the Z direction only, while the rollers 118 roll on the inclined surfaces 140 of the 
wedge blocks 1 38. 

[0038] The wedge-block-frame moving device 1 32 includes four linear guides 1 41 which are fixed to the Y table 104, 
two of which cooperate with each other to hold a corresponding one of the two rails 135 such that the one rail 135 is 
5 5 movable relative thereto in the X direction, and the other two of which cooperate with each other to hold the other rail 
1 35 in the same manner; a rack 142 which is attached to an end portion of one of the two rails 1 35; a pinion 1 44 which 
is meshed with the rack 142; an electric motor 146 which rotates the pinion 144; a hold-down roller 147 which holds 
down the rack 142 on the pinion 144 for preventing the rack 142 and the pinion 144 from being separated from each 
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other in a direction perpendicular to both a longitudinal direction of the rack 142 and a direction parallel to an axis hne 
c.f rotation of the pinion 144: and a spring 148 which prevents backlash which may occur 10 the meshing of the rack 
142 and the pinion 144. Each of the two rails 135 is hung by corresponding two of the four linear guides 141 . so that 
the each rail 1 35 can be smoothly moved relative to the Y table 1 04. When the pinion 1 44 engaged with the rack 1 42 

5 is rotated by the electric motor 146, the wedge block frame 130 is moved relative to the Y table 104 in the X direction. 
A reduction gear unit 1 49 is disposed between the drive motor 1 46 and the pinion 1 44. The drive motor 1 46 is controlled 
by the control device 34. One end of the spring 148 is connected to the rack 142, and the other end of the spring 148 
is connected to the Y table 104, so that the spring 148 biases the rack 142 rightward in Fig. 4. 
[0039] The Z-table moving device 102 includes the relative-position detector 1 34 : as described above. The relative- 

io position detector 1 34 includes two detection plates 150, 152 which are attached to the rail 1 35 to which the rack 142 
is attached; and three photointerruptors 154, 156 : 158 which are attached to the Y table 104. In the state shown in Fig. 
4, the first photointerruptor 154 is detecting the first detection plate 150, and the second and third interruptors 155. 
158 are not detecting any detection plates 150, 152. Respective outputs of the three interruptors 154. 156. 158 are 
supplied to the control device 34. The distance between the second and third interruptors 156, 158 defines the range 

15 "m which the wedge block frame 130 and the Y table 104 are moved relative to each other in the X direction. More 
specifically described, when the control device 34 recognizes that the third interruptor 158 has detected the second 
plate 152, the control device 34 controls the electric motor 146 so that the wedge block frame 130 is not moved any 
more rightward in Fig. 4 and, when the control device 34 recognizes that the second interruptor 156 has detected the 
second plate 152, it controls the motor 146 so that the frame 130 is not moved any more leftward in Fig. 4. At the 

20 former timing, the distance between the 2 table 100 and the Y table 104 is maximum and accordingly the main frame 
67 takes its highest (i.e., upper end) position in the Z direction and, at the latter timing, the distance is minimum and 
the main frame 67 takes its lowest (i.e., lower end) position. 

[0040] The relative position of the first plate 150 and the first interruptor 154 defines the origin of relative position of 
the wedge block frame 130 and the Y table 104 in the X direction. More specifically described, the control device 34 

25 defines, as the origin, the position of one of opposite ends of the first plate 150 which are opposite to each other in the 
X direction. In the present embodiment, the right-hand end of the first plate 150 defines the origin. In the state shown 
in Fig. 4, the wedge block frame 1 30 is positioned slightly rightward from the origin relative to the Y table 104. 
[0041] The present PCB supporting device 28 additionally includes two relative-position detectors each identical with 
the relative-position detector 134, one for delecting the relative position of the Y table 104 and the X table 106 in the 

30 Y directbn and the other for detecting the relative position of the X table 105 and the EC mounting device 24 in the X 
direction. 

[0042] The elevating and lowering device 62 includes, as shown in Figs. 1 and 2, a pressurized-air-operated cylinder 
device ("air cylinder') 166 which is provided on a base 164 and which includes a piston rod 168; an air cylinder 170 
which is fixed to the Y table 104 and which includes a plunger 172; two guide shafts 176 whose upper ends are fixed 

35 to the main frame 67 and whose lower ends are connected to the plunger 1 72 via a connection member 1 74; and two 
guide bushings 178 in which the two guide shafts 176 are axially movably fitted, respectively, and which are fixed to 
the Y table 104. The air cylinder 170, the guide shafts 176, and the guide bushings 178 extend in the Z direction. 
[0043] In the state in which the pressure chamber of the air cylinder 166 is communicated with the atmosphere, the 
piston rod 168 of the cylinder 166 is advanced upward by a biasing spring (not shown) to be projected out of the housing 

40 of the cylinder 166. The advanced piston rod 168 butts against the connection member 174 and additionally thrusts 
up the connection member 174, the guide shafts 176, and the main frame 67. Thus, the PCB 20 can be moved up to 
the PCB receiving and handing-over height position indicated at two-dot chain line in Fig. 1. On the other hand, when 
a pressurized air is supplied to the respective pressure chambers of the air cylinder 166 and the air cylinder 170, the 
plunger 172, the guide shafts 176, and the main frame 67 are moved downward, so that the main frame 67 rests on 

45 the Z table 100 and the PCB 20 is lowered to the EC mounting height position indicated at solid line in Fig. 1. In the 
latter state, the pressure chamber of the air cylinder 1 70 maintains the pressurized air, so that the main frame 67 is 
held in pressed contact with the Z table 100 and the four rollers 118 of the Z table 100 are pressed on the respective 
inclined surfaces 140 of the four wedge blocks 138 of the wedge block frame 1 30. When a photointerruptor 186 (Fig. 
4) provided on the Y table 104 detects a detection plate 184 provided on the main frame 67, the control device 34 

so recognizes, based on a detection signal supplied from the interruptor 1 86, that the PCB 20 has been moved to the EC 
mounting height position. 

[0044] As shown in Fig. 1 , the EC-mounting inspecting device 32 includes a stationary columnar-parallel-light ("CPL") 
emitting device 190 as a lighting device; a CCD (charge-coupled device) camera 194 as an image taking device: and 
an image processing device 196. 
55 [0045] The CPL emitting device 190 includes a semiconductor laser device 204; and a beam expander 206 which 
enlarges the diameter of the laser beam emitted by the laser device 204, and converts the enlarged laser beam into 
parallel rays having a generally circular cross section. As shown in Fig. 1 , there is provided a stationary support member 
208, in the vicinity of the EC mounting position, such that the support member 208 does not interfere with the index 
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table 38 or the EC mounting units 40. The CPL emitting device 190 is supported by the support member 208. in the 
vicinity of the EC mounting position, such that the CPL emitting device 190 is fixed at a position outside the locus of 
revolution of the EC mounting units 40 about the central axis line of the index table 38. 

[0046] The CCD camera 194 is supported by a stationary frame member 210. in the vicinity of the EC mounting 

5 position, such that the CCD camera 194 is fixed at a position inside the locus of revolution of the EC mounting units 
40, i.e. , position nearer to the central axis line of the index table 38. The CCD camera 1 94 includes a number of small 
charge-coupled devices each as a sort of solid-state image sensor and a lens system including an image forming lens. 
The number of charge-coupled devices are arranged in a two-dimensional matrix, and each device functions as a light 
receiving element which receives or detects a light and generates an electric signal indicative of the detected light. 

10 Thus, the two-dimensional matrix of charge-coupled devices defines an image-take surface 216 of the CCD camera 
194. Accordingly, an image taken by the camera 194 consists of a number of picture elements corresponding to the 
number of charge-coupled devices, respectively, and a batch of image data representing the taken image consists of 
a number of picture-element data representing respective colors of the number of picture elements. 
[0047] In the present embodiment, the CPL emitter 1 90 and the CCD camera 1 94 are provided such that respective 

1$ optical axes of the two devices 1 90, 1 94 are perpendicular to each other and each optical axis is inclined by 45 degrees 
with respect to a straight line perpendicular to an upper surface of the PCB 20. More specifically described, the CPL 
emitter 1 90 emits the CPL toward each EC-mount portion of the PCB 20 that is positioned below the EC sucker 44 of 
one EC mounting unit 40 that is currently positioned at the EC mounting position. The CCD camera 194 is provided 
such that an image of the EC-mount portion and its vicinity is formed in a central area of the image-take surface 216 

20 of the CCD camera 1 94. Figs. 5A and 5B show an EC 22 having a rectangular parallelopiped shape, for easier under- 
standing purposes only. It is assumed here that an EC 22 is mounted on each EC-mount portion of the PCB 20 such 
that two side surfaces of the EC 22 that are perpendicular to each other are parallel to the X and Y axes (i.e., the X 
and Y directions), respectively, of an X-Y orthogonal coordinate plane parallel to the plane (or the upper surface) of 
the PCB 20. Each of the respective optical axes of the CPL emitter 190 and the CCD camera 194 is parallel to the Y 

25 direction, i.e., perpendicular to the X direction as seen in the Z direction. 

[0048] The CPL emitted by the CPL emitter 190 is reflected by the EC 22 and the PCB 20. Hereinafter, the CPL 
reflected from the EC 22 will be referred to as the "EC-reflected light", and the CPL reflected from the PCB 20 as the 
"PCB-reflected light". As described above, the CPL emitter 190 and the CCD camera 194 are provided such that the 
respective optical axes thereof are perpendicular to each other and each optical axis is inclined by 45 degrees with 

30 respect to the straight line perpendicular to the upper surface of the PCB 20. and such that the respective optical axes 
thereof are parallel to the Y direction. Therefore, as shown in Figs. 5A and 5B, in the case where an image of the EC 
22 mounted on the PCB 20 is taken, a shadow 214 of the EC 22 is formed, on the PCB 20, on one of opposite sides 
of the EC 22 in the Y direction, and a dark image of the shadow 214 is formed on the image-take surface 216 of the 
CCD camera 194. The CPL emitted by the CPL emitter 1 90 is not incident to one 218 of opposite side surfaces of the 

35 EC 22 that is opposite to the emitter 1 90, and a dark image of the side surface 21 8 is formed on the image-take surface 
216 of the CCD camera 1 94. The respective dark images of the shadow 214 and the side surface 218 are contiguous 
with each other and cooperate with each other to provide a continuous dark image 219 on the image-take surface 216. 
[0049] The optical system of the CCD camera 1 94 is constructed not to take an image of an object like a projection 
drawing, but to taken an image of an object, as shown in Fig. 9, such that the more distant an object is from the camera 

40 194 the smaller image of the object is taken, i.e., the more distant portion of an object is from the camera 194 the 
smaller image of that portion is taken. However, it is assumed here that the variation of dimensions of an object because 
of distance can be neglected, that is, that there is substantially no variation of dimensions of an object because of 
distance on the field of view, i.e., the image-take surface 216, of the CCD camera 194. 

[0050] The image processing device 196 is essentially provided by a computer including a processing unit ("PU"), 
45 a random access memory ("RAM"), a read only memory ("ROM"), and a bus for connecting the PU, the RAM, and the 
ROM to one another. The processing device 196 is connected to the control device 34, and the control device 34 
operates based on the results obtained from the image-processing operation of the processing device 196. As shown 
in Fig. 10, the RAM of the image processing device 196 includes a working memory and additionally includes a first 
image memory 220, a second image memory 222, an OK flag 224, and an NG flag 226. The ROM of the image 
50 processing device 196 stores an EC-mounting inspecting routine represented by the flow chart of Fig. 11 . 

[0051] Hereinafter, there will be described the operation of the EC mounting system 10 constructed as described 
above. 

[0052] When the EC mounting system 10 mounts ECs 22 on a PCB 20, the index table 38 is intermittently rotated 
and the twenty EC mounting units 40 are sequentially moved to the EC sucking position and the EC mounting position. 
55 Each EC mounting unit 40 sucks, at the EC sucking position, an EC 22 from one EC supplying unit 48 and mounts, at 
the EC mounting position, the EC 22 on a PCB 20. The PCB 20 is moved in the X and Y directions by the X-Y table 
66 so that each EC-mount portion of the PCB 20 is positioned at a position corresponding to the EC mounting position. 
[0053] Each time one EC 22 is mounted on the PCB 20, the EC-mounting inspecting device 32 inspects the state in 
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which the one EC 22 is mounted on the PCB 20. Hereinafter, there will be described the EC-mounting inspecting 
.operation of the inspecting device 32. 

[0054] Fig. 6 is a timing chart indicating respective timings at which the CCD camera 1 94 takes two images imme- 
diately before, and immediately after, each EC 22 is mounted on a PCB 20. The chart of Fig. 6 also indicates a rela- 

s tionship between respective timings at which the index table 38, the X-Y table 66 including the X table 106 and the Y 
table 104, and each EC sucker 44 are moved. Each time the index table 38 is intermittently rotated by 18 degrees by 
the above-mentioned cam mechanism (not shown), one EC 22 is mounted on a PCB 20. The horizontal axis of the 
timing chart of Fig. 6 is indicative of the rotation angle of a cam member of the cam mechanism (hereinafter, referred 
toas the "cam rotation angle"). The one full rotation (i.e., 360 degrees) of the cam member corresponds tothe 1 8-degree 

io rotation of the index table 38. Thus, each time the cam member is fully rotated, one EC 22 is mounted on a PCB 20. 
Fig. 6 shows that the index table 38 and the X-Y table 66 are moved during a time duration when the cam rotation 
angle changes from 360 (i.e., 0) degrees to 1 50 degrees. 

[0055] In addition, the elevating and towering member 46 associated with the EC mounting position, and accordingly 
the EC sucker 44 of one EC mounting unit 40 being positioned at the EC mounting position, is lowered during a time 

is duration when the cam rotation angle changes from 150 degrees to 240 degrees, and is elevated during a time duration 
when the cam rotation angle changes from 280 degrees to 360 degrees. In Fig. 6, the changes of the Z-direction 
position of each EC sucker 44 are indicated at broken straight tines. However, in fact, each EC sucker 44- is lowered 
and elevated at not a constant speed but smoothly accelerated and decelerated speeds. When the cam rotation angle 
takes 160 degrees and 350 degrees, the CCD camera 194 takes two images, that is, immediately before, and imme- 

20 diately after each EC 22 is mounted on a PCB 20. 

[0056] Figs. 7 A to 7D show a relationship between four ranges of the cam rotation angle and corresponding four 
relative positions of each EC sucker 44 and the PCB 20. Figs. 7A to 7D correspond to the range of 0 to 1 50 degrees, 
the range of 1 50 to 240 degrees, the range of 240 to 280 degrees, and the range of 280 to 360 degrees, respectively, 
of the cam rotation angle. Fig. 7B shows that the CCD camera 194 takes an image at a timing corresponding to the 

25 cam rotation angle of 160 degrees, and Fig. 7D shows that the CCD camera 194 takes an image at a timing corre- 
sponding to the cam rotation angle of 350 degrees. 

[0057] Fig. 8A shows an image taken by the CCD camera 1 94 at the timing corresponding to the cam rotation angle 
of 160 degrees. The taken image includes an EC-mount portion of the PCB 20, and its vicinity. Conductive pads 240 
which are to be electrically connected to the EC 22 is provided in the EC- mount portion. Reference numeral 242 

30 designates a lead which is completely hidden and whose image cannot be taken. At the timing corresponding to the 
cam rotation angle of 160 degrees, each EC sucker 44 is being lowered yet in the vicinity of its upper-end position. 
Therefore, neither the image of each EC sucker 44 nor the image of the EC 22 held thereby can be taken. The square 
image-take surface 216 of the CCD camera 194, indicated at solid line in Fig. 8A, corresponds to the field of view of 
the camera 1 94. The camera 1 94 can take the image of all portions present in the field of view thereof. However, what 

35 is needed for the EC-mounting inspection is only the image of each EC-mount portion (or each EC 22 mounted on the 
each EC-mount portion) and its vicinity. Therefore, the image processing device 196 processes only an image present 
in a predetermined rectangular area (indicated at two-dot chain line in Fig. 8A) of the field of view of the camera 194. 
This area will be referred to as the "image-process area*. The image-processing operation of the processing device 
196 includes producing a batch of image data representing the image present in the image-process area, and judging 

40 whether each EC 22 has been safely mounted on each EC-mount portion. The center of the image-process area 
coincides with the center of the field of view of the camera 1 96, and the size of the image-process area is so prede- 
termined as to fully contain each EC 22, its shadow 214, and its vicinity whichever size the each EC 22 may have, or 
even though the each EC 22 may have been mounted, on the PCB 20, out of position by more than a permissible 
amount. At the timing corresponding to the cam rotation angle of 160 degrees, neither the image of each EC sucker 

45 44 nor the image of the EC 22 held thereby is present in the image-process area. 

[0058] Fig. 8B shows an image taken by the CCD camera 1 94 at the timing corresponding to the cam rotation angle 
of 350 degrees. The taken image includes each EC 20 mounted on the PCB 20, and its vicinity. That is, immediately 
after each EC 22 is mounted on the PCB 20, the camera 194 takes an image of each EC 22 and its vicinity. At this 
timing, each EC sucker 44 is being elevated in the vicinity of its upper-end position. Thus, the image of each EC sucker 

50 44 cannot be taken. 

[0059] An input interface of the computer of the image processing device 196 selects, from all the analog signals 
corresponding to ail the picture elements of the image-take surface 216 (i.e., field of view) of the CCD camera 194, 
the analog signals corresponding to the picture elements of the image-process area, converts the selected analog 
signals into sets of digital multilevel image data, and further converts the sets of multilevel image data into sets of bi- 
55 level or binary image data by comparing a value represented by each set of multilevel image data, with a threshold 
value. In the present embodiment, it is assumed that the input interlace produces a set of binary image data representing 
the value of "1 for a picture element corresponding to a light image or a light object (i.e., object which reflects a targe 
amount of light), and produces a set of binary image data representing the value of "0", for a picture element corre- 
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sponding to a dark image or a dark object (i.e., object which reflects a small amount of light). Since the upper surface 
of the PCB 20 and the upper surface of the EC 22 are light (i.e., reflect a large amount of light), the input interface 
produces sets of binary image data each representing the value of "1 ". On the other hand, the input interface produces 
sets of binary image data each representing the value of "0", for picture elements corresponding to the shadow 214 

5 of the EC 22 formed on the PCB 20 and the side surface 21 8 of the EC 22 not illuminated by the CPL emitter 1 90. The 
input interface employs the same threshold value in producing sets of binary image data based on the image taken 
before each EC 22 is mounted on the PCB 20 and in producing sets of binary image data based on the image taken 
after the each EC 22 is mounted on the PCB 20. The sets of binary image data produced based on the image taken 
at the timing corresponding to the cam rotation angle of 160 degrees are stored in the first image memory 220 in such 

10 a manner that each of the sets of binary image data is associated with the position of a corresponding one of the picture 
elements in the image-process area, and the sets of binary image data produced based on the image taken at the 
timing corresponding to the cam rotation angle of 350 degrees are stored in the second image memory 222 in such a 
manner that each of the sets of binary image data is associated with the position of a corresponding one of the picture 
elements in the image-process area. 

is [0060] The computer of the image processing device 1 96 judges whether each EC 22 has been safely mounted on 
the PCB 20, based on the sets of binary image data stored in the first image memory 220 and the sets of binary image 
data stored in the second image memory 222, according to the EC-mounting inspecting routine of Fig. 11. First, at 
Step SI , the computer performs an exclusive-OR operation on the sets of binary image data stored in the first image 
memory 220 and the sets of binary image data stored in the second image memory 222. 

20 [0061] In other words, two images of the same portion of the PCB 20 are taken at different times, two sets of binary 
image data are obtained for each of the picture elements, and an exclusive-OR operation is performed on the two sets 
of binary image data for the each picture element. In the case where two values represented by two sets of binary 
image data obtained for one picture element are equal to each other the computer produces a set of binary data 
representing the value of "0" indicating that an image or a color corresponding to that picture element did not change. 

2B However, in the case where two values represented by two sets of binary image data obtained for another picture 
element differ from each other, the computer produces a set of binary data representing the value of "1 " indicating that 
an image or a color corresponding to that picture element changed. 

[0062] In the case where the EC 22 has been safely mounted on the PCB 20, the computer produces, by the exclusive- 
OR operation at Step S1 , some sets of binary data each representing the value of "1 " For the picture elements cor- 

30 responding to the respective images of the shadow 214 and the side surface 218 formed by the EC 22 mounted on 
the PCB 20, the sets of binary image data stored in the first image memory 220 represent the value of "1 ", but the sets 
of binary image data stored in the second image memory 222 represent the value of "0". Thus, for those picture ele- 
ments, the computer produces, at Step S1, sets of binary data each representing the value of 'I". Therefore, if the 
ratio (or percentage) of the number of the sets of binary data each representing the value of "1 " to the total number of 

35 all the picture elements of the image-process area is greater than a reference value, the computer can judge that the 
EC 22 has been safely mounted on the PCB 20 and, if not, the computer can judge that the EC 22 was not mounted 
on the PCB 20. Alternatively, the computer may be modified such that if the ratio (or percentage) of the number of the 
sets of binary data each representing the value of "0" to the total number of all the picture elements of the image- 
process area is smaller than a reference value, the computer judges that the EC 22 has safely been mounted on the 

to PCB 20. The first judging manner is based on the number of the "changed" sets of binary image data, and the second 
judging manner is based on the number of the "unchanged" sets of binary image data. In the present embodiment, the 
computer uses the single, common reference value effective for all sizes of ECs 22 including the largest and smallest 
sizes of ECs 22. This reference value is stored in the RAM of the computer. An operator can change the stored reference 
value by operating an input device (e.g., a keyboard or a mouse). 

45 [0063] At Step S2, the computer judges whether a value obtained by dividing the number of the sets of binary data 
each representing the value of "1 " by the total number of all the picture elements of the image-process area is greater 
than a reference value. If a positive judgment is made at Step S2, the control of the computer goes to Step S3 to set 
the OK flag 224. On the other hand, if a negative judgment is made at Step S3, the control of the computer goes to 
Step S4 to set the NG flag 226. The OK flag 224 set at Step S3 or the NG flag 226 set at Step S4 is utilized by the 

so control device 34. For example, unless the EC 22 has been safely mounted on the PCB 20, the control device 34 stops 
the EC mounting device 24, the PCB supporting device 28, and the EC supplying device 30, and calls an operator by 
operating a buzzer or an alarm lamp. In addition, the control device 34 may operate the EC mounting device 24 to 
mount another EC 22 on the EC-mount portion in question of the PCB 20. In the latter case, if the second EC has not 
been safely mounted, the control device 34 may stop the entire operation of the EC mounting system 10 and call the 

55 operator 

[0064] As is apparent from the foregoing description, the image processing device 196 provides a judging means 
for judging whether each EC 22 has been safely mounted on a PCB 20. 

[0065] In the above-described embodiment, it has been assumed that light images are formed for the PCB 20 and 
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those portions of each EC 22 that receive the CPL emitted by the CPL emitter 190. However, a dark image may be 
formed for the PCB 20, and light images may be formed for only those portions of each EC 22 that receive the CPL 
In the latter case, if each EC 22 has been safely mounted on the PCB 20. the computer produces, at Step St sets of 
binary data each representing the value of "1 " for the picture elements corresponding to the images of those oortions 

5 of each EC 22 that receive the CPL. Thus, the computer can judge whether the EC 22 has been mounted on the PCB 
20. Otherwise, a light image may be formed for the PCB 20, and a dark image may be formed for each EC 22. In the 
last case, if each EC 22 has been safety mounted on the PCB 20 : the computer produces, at Step S1, sets of binary 
data each representing the value of "1 " for the picture elements corresponding to the images of each EC 22, the side 
surface 218 thereof, and the shadow 214, and accordingly can judge whether the EC 22 has been safely mounted on 

10 the PCB 20. 

[0066] Various sizes of image-process areas may be employed for various sizes of ECs 22, respectively. For example, 
each size of image-process area may be used for a corresponding size of ECs 22. Alternatively, all sizes of ECs 22 
may be divided into a plurality of size groups each of which includes one or more sizes of ECs 22. In the latter case, 
each size of image-process area may be used for a corresponding one of the size groups. 

15 [0067] In the above-described embodiment, the computer uses, for different sizes of ECs 22, the common reference 
value in judging whether each EC 22 has been safely mounted on a PCB 20. Thus, the RAM has only to store the least 
amount of data representing the single reference value. However, the reference value may be changed depending 
upon the sizes of ECs 22. In the latter case, the computer can judge, with higher reliability, whether each EC 22 has 
been safely mounted on a PCB 20. 

20 [0068] In the above-described embodiment, the CCD camera 194 is prevented from taking the image of each EC 
sucker 44 before or after each EC 22 is mounted on a PCB 20 by the each EC sucker 44. However, the CCD camera 
194 may be so modified as to take the image of each EC sucker 44. In the latter case, for example, as indicated in a 
timing chart of Fig. 12, the CCD camera 1 94 takes two images at respective timings corresponding to the cam rotation 
angles of 1 90 and 330 degrees. At the two timings, each EC sucker 44 are moving in opposite directions, respectively, 

25 but are taking substantially the same height position. Thus, as shown in Figs. 1 3A and 13B, the two images taken at 
the two timings include substantially the same image of each EC sucker 44. 

[0069] Like the first embodiment shown in Figs. 1 to 11, the second embodiment shown in Figs. 12 and 13, the 
computer produces sets of binary image data based on the image taken immediately before each EC 22 is mounted 
on a PCB 20, and sets of binary image data based on the image taken immediately after the each EC 22 is mounted 

30 on the PCB 20, performs an exclusive-OR operation on two sets of binary image data for each of the picture elements, 
and judges whether the each EC 22 has been safely mounted on the PCB 20. The two images taken before and after 
the mounting of each EC 22 include substantially the same image of each EC sucker 44. More specifically described, 
before and after the mounting of each EC 22, the image of each EC sucker 44 is formed on substantially the same 
picture elements of the image-process area. Therefore, the computer produces, by the exclusive-OR operation, sets 

35 of binary data each representing the value of "0", for the picture elements corresponding to the image of each EC 
sucker 44. Thus, the image of each EC sucker 44 does not influence the result of the judgement about whether each 
EC 22 has been safely mounted on the PCB 20. 

[0070] Before the mounting of each EC 22, the CCD camera 194 takes the image of the EC 22 held by each EC 
sucker 44; and after the mounting of the EC 22, the camera 194 takes the image of the EC 22 released from the EC 

40 sucker 44. Each of the two images includes the side surface 218 of the EC 22 not illuminated by the CPL and/or the 
shadow 21 4 of the EC 22. However, in the two images, the respective images of the side surface 218 and/or the shadow 
214 take different positions, i.e., are formed on different picture elements. In addition, generally, the shadow 214 has 
different sizes in the two images, respectively. Therefore, if each EC 22 has been safely mounted on a PCB 20, a 
positive judgment is made at Step S2 of Fig. 11 . Thus, the computer can judge whether each EC 22 has been safely 

45 mounted on a PCB 20. 

[0071] In the case where one EC sucker 44 carries the sucked EC 22 to the EC mounting position but fails to mount 
the EC 22 on the PCB 20 for some reason, both the image taken at the timing corresponding to the cam rotation angle 
of 190 degrees and the image taken at the liming corresponding to the cam rotation angle of 330 degrees include the 
image of the one EC sucker 44 carrying the EC 22. Therefore, the two images are substantially identical with each 
so other. Thus, a negative judgment is made at Step S2 of Fig. 11 , and the computer recognizes that the EC 22 was not 
mounted on the PCB 20. 

[0072] In addition, in the case where one EC sucker 44 fails to receive a certain EC 22 from the EC supplying device 
30 and cannot mount the EC 22 on a PCB 20, two substantially identical images are taken at the two timings. Thus, 
the computer recognizes that the EC 22 has not been safely mounted on the PCB 20. 
55 [0073] As compared with the first embodiment shown in Figs. 1 to 11, the second embodiment shown in Figs. 12 
and 1 3 stops the index table 38 and the X-Y table 66 (or the PCB 20) at a later timing, and starts the members 33, 66 
at an earlier timing, so that each EC 44 is lowered and elevated concurrently with the movements of the members 33, 
66 for certain periods of time. When the cam folbwer 50 of each EC sucker 44 transfers from the main cam groove of 
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the cylindrical cam 42 into the secondary cam groove 52 of the elevating and lowering member 46 provided at the EC 
mounting position, the member 46 starts lowering the EC sucker 44 concurrently with the rotation of the index table 
38. The rotation of the index table 38 stops and each EC sucker 44 reaches the EC mounting position, before the 
member 46 reaches its lower-end position. Thus, the EC sucker 44 mounts the EC 22 on the PCB 20 after the rotation 
5 of the sucker 44 stops. After the EC 22 is mounted on the PCB 20, the elevating and lowering member 46 is elevated. 
Before the member 46 reaches its upper-end position, the rotation of the index table 38 starts. Immediately after the 
member 46 reaches its upper-end position, the cam follower 50 immediately transfers from the secondary cam groove 
52 into the main cam groove of the cylindrical cam 42. 

[0074] Although in each of the first embodiment shown in Figs. 1 to 11 and the second embodiment shown in Figs. 

'io 12 and 1 3 the EC-mounting inspecting device 32 judges whether each EC 22 has been safely mounted on a PCB 20, 
it is possible to additionally judge whether each EC 22 has been accurately mounted on an EC-mount portion of a PCB 
20. The latter or second judgement is made by reference to conductive pads 240 provided on the PCB 20. It is assumed 
here, for easier understanding purposes only, that the vertices of each EC 22are not chipped or rounded, i.e., are 
rectangular and that each EC 22 does not have any lead wires and has a rectangular parallelopiped shape. Additionally 

is it is assumed that each EC 22 is closely attached to a PCB 20 with no space being left therebetween and that the 
angles contained by the lengthwise and widthwise directions of each EC 22 and the X and Y directions are very small 
and can be neglected. If those angles are great, the shape of the dark image 21 9 will be complex and it will be difficult 
to understand how the second judgment is made. It is further noted that Fig. 15 shows, for easier understanding pur- 
poses only, the pads 240 each with an exaggerated thickness. In fact, each pad 240 has a very small thickness which 

20 can be neglected. 

[0075] Like the first embodiment shown in Figs. 1 to 11 , the present, third embodiment takes two images immediately 
before, and immediately after, each EC 22 is mounted on a PCB 20. Immediately before the mounting of the EC 22, 
an image of the pads 240 provided on the EC-mount portion of the PCB 20 and its vicinity is taken, as shown in Fig. 
14. Immediately after the mounting of the EC 22, an image of the EC 22 mounted on the pads 240 and its vicinity is 

25 taken, as shown in Fig. 1 5. A batch of binary image data is produced based on each of the two images. More specifically 
described, the first image taken immediately before the mounting of the EC 22 includes the pads 240 and the PCB 20, 
and a value indicated by each of the sets of picture-element data included in a batch of multi-level image data obtained 
from the first image is compared with each of two different threshold values. Thus : two sets of binary image data are 
obtained for each of the picture elements of the image-process area. A first one of the two threshold values has the 

30 same function as that of the threshold value employed in the first embodiment shown in Figs. 1 to 11, that is, is used 
for distinguishing light images such as the upper surface of the PCB 20 and the surfaces of the EC 22 that receive the 
CPL from the dark image 21 9 formed by the shadow 214 and the side surface 218 of the EC 22 that does not receive 
the CPL A first batch of binary image data obtained by using the first threshold value is stored in the first image memory 
220. The other or second threshold value has the function of distinguishing the image of the pads 240 from the image 

35 of the PCB 20, because the image of the pads 240 is needed for judging whether the EC 22 has been accurately 
mounted on the EC-mount portion of the PCB 20. A single threshold value would not be effective in completing the 
above-indicated two distinguishing operations. For example, in the case where the portions of the EC 22 that receive 
the CPL are darker than the PCB 20, the above-indicated second threshold value would not be able to distinguish the 
image of the portions of the EC 22 that receive the CPL, from the dark image 219 formed by the shadow 21 4 and the 

40 side surface 218 of the EC 22. Meanwhile, each pad 240 has the solder paste which has been applied thereto within 
the outline or profile thereof. A second batch of binary image data obtained by using the second threshold value rep- 
resents the outlines of the pads 240, and is stored in a third image memory 246 (Fig. 17) which is provided in addition 
to the first and second image memories 220 : 222. 

[0076] The second image taken after the mounting of the EC 22 includes the image of the EC 22 mounted on the 
45 PCB 20 and its vicinity. A batch of multi-level image data obtained from the second image is converted into a batch of 
bi-level or binary image data, by using the same threshold value as that employed in the first embodiment shown in 
Figs. 1 to 11. Thus, a third batch of binary image data distinguishing the dark image 219 formed by the shadow 214 
and the side surface 218 of the EC 22 that does not receive the CPL, from the image of the other light portions that 
receive the CPL, is obtained and stored in the second image memory 222. 
50 [0077] After the three batches of binary image data are thus produced, the image processing device 196 or the 
computer thereof makes judgements about the state in which each EC 22 is mounted on a PCB 20, according to an 
EC-mounting inspecting routine represented by the flow chart of Fig. 1 6. First, the computer performs Step S1 1 identical 
with Steps S1 and S2 of the EC-mounting inspecting routine of Fig. 11 , based on the first and third batches of binary 
image data stored in the first and second image memories 220, 222. That is, the computer judges whether the EC 22 
55 has been safely mounted on the PCB 20. If a positive judgment is made at Step S11 , the control of the computer goes 
to Step S12 to calculate, based on the second batch of binary image data stored in the third image memory 246, 
respective coordinates, (x 1( y^, (x 2 , y 2 ), of two vertices of the two pads 240 in the x-y coordinate plane provided on 
the image-take surface 216. The thus calculated x and y coordinates of the two vertices are used in judging whether 
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the EC 22 has been accurately mounted on the EC-mount portion of the PCB 20. 

[0078] In Fig. 15, the first image taken before the mounting of the EC 22 and the second image taken after the 
mounting of the EC 22 are superposed on each other The rectangular image-process area included in the image-take 
surface 216 (i.e., the field of view of the CCD camera 194) is enclosed by the two-dot chain line. Although not the EC 
5 22 and the pads 240 themselves but the respective images of the EC 22 and the pads 240 are formed on the image- 
take surface 21 6 : the same reference numerals as used to designate the EC 22 and the pads 240 themselves are 
used, for easier understanding purposes only : to designate the respective images of the EC 22 and the pads 240. in 
Fig. 15. In addition, Fig. 15 shows the state in which the EC 22 has been accurately mounted on the EC-mount portion 
of the PCB 20. 

jo [0079] Next, the control of the computer goes to Step S1 3 to calculate, based on the second batch of binary image 
data stored in the third image memory 246, respective coordinates, (x 3 , y 3 ), (x 4 , y 4 ), of two vertices of the dark image 
219 that are shared by the image of the upper surface of the EC 22. Step S1 3 is followed by StepS14to calculate the 
amounts of positional errors of the EC 22 relative to the pads 240. More specifically described, the amounts of positional 
errors of the EC 22 relative to the pads 240 are calculated based on the above-indicated two vertices (x-,, y^, (x 2 , y 2 ) 

*5 of the two pads 240 and corresponding two vertices of the bottom surface of the EC 22. Since the EC 22 is mounted 
on the pads 240, whether the EC 22 has been accurately mounted on the EC-mount portion of the PCB 20 can be 
judged by judging whether the vertices of the bottom surface of the EC 22 have positional errors with respect to the 
vert tecs ol the pads 240. In the case where an image is taken at a position right above the PCB 20, i.e., in a direction 
perpenacutar to the PCB 20, the vertices ol the image of the upper surface of the EC 22 completely coincide with 

-0 lhos>« of the image of the bottom surface of the EC 22, on the image-take surface 216. In this case, therefore, the 
i ubpuctive yoMtions of the vertices of the image of the upper surface of the EC 22 can be compared with those of the 
vcrticci & mo image of the pads 240. However, in the present embodiment, the CCD camera 194 takes images in a 
ch-octton m;(ffx>d by 45 degrees with respect to a straight line perpendicular to the upper surface of the PCB 20, and 
iBCCO'dmgfy mo vertices of the image of the upper surface of the EC 22 do not coincide, as shown in Fig. 15 : with those 

2S of tuc m\ tqc of the bottom surface of the EC 22 (indicated at broken line), on the image-take surface 216. Thus, the 
f o&poctvo oo-sit>ons of the vertices of the image of the upper surface of the EC 22 cannot be compared with those of 
the vertices of the [mage of the pads 240. Hence, at Step S14, the computer calculates the positions (i.e., x and y 
ccoidirvites) of the vertices of the image of the bottom surface of the EC 22 : and calculates the amounts of positional 
otf of s o-' tho ihus calculated positions from the respective positions of the vertices (x., , y 1 ), (x 2 , y 2 ) of the image of the 

30 tvio pnds ?40 

[0080] Fig 15 shows that two of four vertices defining the image of the bottom surface of the EC 22 are spaced, on 
the x-y coordinate plane, from the corresponding two vertices (x 3 , y 3 ), (x 4 , y 4 ) of the dark image 219, in a positive 
direction along the y axis of the x-y coordinate plane, by respective amounts or distances proportional to the height, 
H. ot the EC 22. The respective x coordinates of the two vertices of the image of the bottom surface of the EC 22 are 

35 equal to the respective x coordinates of the corresponding two vertices-of the image ot the upper surface of the EC 
22. and the respective y coordinates thereof can be obtained by calculation. Since the image of the height H of the EC 
22 formed in the x-y coordinate plane on the image-take surface 216 has a length-, H/V2, the respective y coordinates 
of the two vertices of the image of the bottom surface of the EC 22 can be calculated in a manner described below 
[0081] Here it is assumed that on the X-Y coordinate plane parallel to the plane of the PCB 20 the amounts of 

40 positional errors of the two vertices of the bottom surface of the EC 22 from the corresponding two vertices (x 1( y-,), 
(x 2 , y 2 ) of the pads 240 are calculated. That is, the x and y coordinates of each of the vertices of the image of the upper 
surface of the EC 22, the vertices of the image of the bottom surface of the EC 22, and the vertices of the image of 
the pads 240, formed on the x-y coordinate plane, are transferred onto the X-Y coordinate plane, and then the amounts 
of positional errors are calculated. Although the upper and bottom surfaces of the EC 22 have different height positions, 

45 the vertices of the upper surface and the vertices of the bottom surface are placed on the common X-Y coordinate 
plane, and the X and Y coordinates of each of the vertices of the bottom surface are calculated based on the X and Y 
coordinates of a corresponding one of the vertices of the upper surface. The X coordinate of each of the vertices of 
the bottom surface is equal to that of a corresponding one of the vertices of the upper surface, but the Y coordinate of 
each of the vertices of the bottom surface is greater than that of a corresponding one of the vertices of the upper 

50 surface, by a distance equal to the length of the projection, onto the X-Y coordinate plane, of the positional error H/V2 
obtained on the x-y coordinate plane, i.e., equal to the height H of the EC 22. Therefore, assuming that the respective 
X and Y coordinates of the two vertices of the upper surface of the EC 22 on the X-Y coordinate plane are (X 3 , Y 3 ) 
and (X 4< Y 4 ), those of the corresponding two vertices of the bottom surface of the EC 22 are (X 3 , Y 3 + H) and (X^, Y 4 
+ H). The X and Y coordinates, X 3 , X 4 , Y 3 , Y 4 , of the two vertices can be calculated from the x and y coordinates, x 3 , 

55 x 4> v 3- v 4« °f the same on the x-y coordinate plane, as follows: X 3 = x 3 , X 4 = x 4 , Y 3 = \ ? 2«y 3 , and Y 4 = V2°y 4 . 

[0082] In addition, assuming that the respective X and Y coordinates of the two vertices of the two pads 240 on the 
X-Y coordinate plane are (X-,, Y^ and (X 2r Y 2 ), the following equations are obtained: X-, = x v X 2 = x 2 , Y 1 = V2*y v and 
Y 2 =r V2«y 2 Therefore, the respective amounts of X-direction positional error of the two vertices of the bottom surface 
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of the EC 22 from the corresponding two vertices of the two pads 240 : and the respective amounts of Y-direction 
positional error of the two vertices of the bottom surface of the EC 22 from the corresponding two vertices of the two 
pads 240 are obtained according to the first to fourth expressions (1 ) to (4). respectively: 

5 

(first amount of X-direction positional error) = X 3 - X 1 (1) 
(first amount of Y-direction positional error) = (Y 3 + H) - Y 1 (2) 

w 

(second amount of X-direction positional error) = X 4 - X 2 (3) 

75 (second amount of Y-direction positional error) = (Y 4 + H) - Y 2 (4) 

[0083] Step S14 is followed by Step S15 to compare the absolute value of each of the four amounts of positional 
error with a reference value. If each amount of positional error is smaller than the reference value, the computer judges 
that there is substantially no (harmful) positional error. More specifically described, if the computer finds for one of the 
two vertices that each of the respective absolute values of the X-direction and Y-direction positional error amounts is 
smaller than the reference value, the computer compares, for the other vertex, each of the respective absolute values 
of the X-direction and Y-direction positional error amounts with the reference value. If the computer judges for both of 
the two vertices that there are substantially no positional errors : it makes a positive judgment at Step St 5. Then, the 
control of the computer goes to Step S16 to set the OK flag 224. On the other hand, if the computer judges for one of 
the two vertices that there is a positional error, it does not compare for the other vertex and makes a negative judgment 
at Step S1 5. Then, the control of the computer goes to Step S 1 7 to set the NG flag 226. In the case where the computer 
judges for one of the two vertices that there are substantially no positional errors but judges for the other vertex that 
there is a positional error, it makes a negative judgment at Step S15 and the control thereof goes to Step S17. 
[0084] The respective amounts of X-direction and Y-direction positional errors of the two vertices of the bottom surface 
of the EC 22 from the corresponding two vertices of the two pads 240 are calculated by subtracting the X and Y 
coordinates of each of the latter vertices from those of a corresponding one of the former vertices. A positive or negative 
sign of each of the thus calculated amounts of positional errors is indicative of a positive or a negative direction in 
which the EC 22 has the each amount of positional error along the X or Y axis of the X-Y coordinate plane. The thus 
calculated amounts of positional errors of the two vertices of the bottom surface of the EC 22 from the corresponding 
two vertices of the two pads 240 can be removed by moving at least one of the EC 22 and the PCB 20 relative to the 
other so that the two vertices of the bottom surface of the EC 22 coincide with the corresponding two vertices of the 
two pads 240. 

[0085] In the above-described third embodiment, it has been assumed that each EC 22 is closely or tightly attached 
to the upper surface of a PCB 20, with no space being left therebetween. However, it is possible that an EC 22 be 
unfixed on the upper surface of a PCB 20. with a substantial space being left therebetween. Thus, in a fourth embod- 
iment of the present invention, the image processing device 196 or the computer thereof judges whether each EC 22 
is unfixed on the upper surface of a PCB 20, according to an EC-mounting inspecting routine represented by the flow 
chart of Fig. 18. Here, it is assumed that each EC 22 is precisely produced and accordingly has a precise height which 
is sufficiently greater than a predetermined value. 

[0086] First, the computer performs Step S21 identical with Steps S1 and S2 of the EC-mounting inspecting routine 
of Fig. 11. If the EC 22 has not been safely mounted on the PCB 20, that is, if a negative judgment is made at Step 
S21 , the control of the computer goes to Step S29 to set the NG flag 226, and then the computer terminates the present 
control cycle according to the routine of Fig. 18. On the other hand, if a positive judgement is made at Step S21, the 
control of the computer goes to Steps S22 to S26 to judge whether the EC 22 is unfixed on the PCB 20. 
[0087] Steps S22 and S23 are identical with Steps S12 and S1 3 of the EC-mounting inspecting routine of Fig. 16. 
Step S23 is followed by Step S24 to calculate, in the y direction, the length of the dark image 219, i.e., the combined 
image of the shadow 214 and the side surface 213 of the EC 22, and then by Step S25 to calculate the amount of 
spacing of the bottom surface of the EC 22 from the upper surface of the PCB 20. The amount of spacing can be 
calculated by subtracting the above-indicated predetermined value from the y-direction length of the dark image 219, 
i.e., the combined image of the shadow 214 and the side surface 218 of the EC 22. The predetermined value is pre- 
determined based on the height H of the EC 22. As shown in Fig. 15, if there is no amount of spacing of the EC 22 
from the PCB 20 : the y-direction length of the dark image 219, i.e., the combined image of the shadow 214 and the 
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side surface 218 of the EC 22 is equal to \ : 2*H. Accordingly, the predetermined value is predetermined to be equal to 
t \-2°H. Hence, the height H of each sort of EC 22 is stored in the RAM of the computer by the operator. 
[0088] Step S25 is followed by Step S26 to judge whether there is a practically harmful amount of spacing of the EC 
22 from the PCB 20. by judging whether the calculated amount of spacing is smaller than a reference value. If the 
5 calculated amount of spacing is smaller than the reference value, that is : if there is no harmful amount of spacing, the 
computer makes a positive judgment at Step S26, and then goes to Step S27 identical with Steps Si 4 and S15 of the 
EC-mounting inspecting routine of Fig. 16, that is : judges whether the EC 22 has been accurately mounted on the EC- 
mount portion of the PCB 20. 

[0089] If the calculated amount of spacing is not smaller than the predetermined value, i.e., if a negative judgment 
10 is made at Step S26, then the control of the computer goes to Step S29 to set the NG flag 226 and terminates the 
current control cycle according to the routine of Fig. 1 6. That is : if it is judged that there is a harmful amount of spacing 
of the EC 22 1rom the PCB 20, the computer does not judge, at Step S27. whether the EC 22 has been accurately 
mounted on the EC-mount portion of the PCB 20. 

[0090] As described previously in connection with the first embodiment shown in Figs. 1 to 11 , the height position of 
75 the PCB 20 can be adjusted by the height-position adjusting device 64. Therefore, when the CCD camera 194 takes 
a first image immediately before, and a second image immediately after, each EC 22 is mounted on a PCB 20, the 
height position of the PCB 20 may be adjusted so that the height position of the upper surface of the EC 22 when the 
second image is taken is equal to that of the upper surface of the PCB 20 (or the pads 240) when the first image is 
taken. In the latter case, whether the EC 22 has been accurately mounted on the EC-mount portion of the PCB 20 can 
20 be judged without determining the coordinates of the vertices of the bottom surface of the EC 22 based on those of 
the vertices of the dark image 21 9 (i.e., the upper surface of the EC 22). Since the image of the upper surface of the 
EC 22 should coincide with that of the pads 240, as shown in Fig. 19, whether there is any positional error can be 
judged by comparing the coordinates of the vertices of the upper surface of the EC 22 with those of the vertices of the 
pads 240. 

2S [0091] In the above- indicated case, before the EC 22 is mounted on the PCB 20, the PCB 20 may be positioned at 
its lower-end position by the height-position adjusting device 64, as indicated at two-dot chain line in Fig. 19; before 
an image is taken before the EC 22 is mounted on the PCB 20, the PCB 20 may be elevated by a distance equal to 
the height H of the EC 22, as indicated at solid line, and then an image before the mounting of the EC may be taken; 
in this state the EC 22 may be mounted on the PCB 20; and then the PCB 20 may be lowered by the same distance, 

30 and an image after the mounting of the EC 22 may be taken. Alternatively, before the EC 22 is mounted on the PCB 
20, the PCB 20 may be positioned at its lower-end position; before an image is taken before the EC 22 is mounted on 
the PCB 20 : the PCB 20 may be elevated by a distance equal to the height H of the EC 22, and then an image before 
the mounting of the EC may be taken; the PCB 20 may be lowered by the same distance, and in this state the EC 22 
may be mounted on the PCB 20; and then an image after the mounting of the EC 22 may be taken. Since the height 

35 H of each EC 22 is stored in the ROM of the computer, the height -position adjusting device 64 elevates and lowers 
the PCB 20 according to the height H of the each EC 22. 

[0092] In each of the first to fourth embodiments of the present invention, the angle at which the CPL emitter 190 
emits the CPL and the angle at which the CCD camera 1 94 takes images are each inclined by 45 degrees with respect 
to a straight line perpendicular to the upper surface of the PCB 20. However, this is not essentially required. It is possible 
40 to select any other desired inclination angle, as shown in Fig. 20. In this fifth embodiment, whether each EC 22 has 
been accurately mounted on an EC-mount portion of a PCB 20 is judged like in the third embodiment shown in Figs. 
1 4 to 1 7, that is, by first calculating the coordinates of the vertices of the bottom surface of the EC 22 and then comparing 
the calculated coordinates with those of the vertices of the pads 240. More specifically described, assuming that the 
CPL emitter 190 emits the CPL at an angle, 0 V with respect to the straight line perpendicular to the upper surface of 
the PCB 20, the CCD camera 1 94 takes images at an angle. 6 2 , with respect to the straight line, and the EC 22 has a 
height, H, the computer calculates a distance, H\ between the vertices of the upper surface of the EC 22 and the 
corresponding vertices of the bottom surface of the EC 22 and calculates, based on the calculated distance H\ the 
coordinates of each of the vertices of the bottom surface of the EC 22. 

[0093] In each of the first to fifth embodiments, the CPL emitter 1 90 is employed as the lighting device. However, 
so the CPL emitter 190 as the lighting device may be replaced with a device which emits one or more slit lights. For 

example, the EC-mounting inspecting device 32 may be replaced with an EC-mounting inspecting device 250, shown 

in Fig. 21 , which includes a slit-light emitting device 252 including a semiconductor laser device 204, a beam expander 

206, and a slit plate 254 which converts the parallel rays outputted from the expander 206, into one or more slit lights. 

It is possible to prepare various sorts of slit plates 254 having different slit widths and/or different numbers of slits, and 
55 select an appropriate one of those slit plates 254. In addition, it is possible to employ a different sort of slit-light emitting 

device which emits one or more slit lights, such as one which includes a single cylindrical or aspherical lens, or a 

combination of a plurality of cylindrical or aspherical lenses. 

[0094] The slit-light emitter 252 is provided so as to emit Ihe slit light toward the center of the upper surface of the 
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EC 22 mounted on the EC-mount portion of the PCB 20. Fig. 22A shows a geometric relationship among the slit light, 
a reflected light from the upper surface of the EC 22 (i.e. , EC-reflected light), and a reflected light from the upper surface 
of the PCB 20 (i.e.. PCB-reflected light). Fig. 22B shows a straight slit fight incident to the upper surface of the PCB 
20, in the state in which the EC 22 has not been mounted on the PCB 20. Hereinafter, a portion of the upper surface 

s of the PCB 20 to which the slit light is incident will be referred to as the "lighted PCB portion". Fig. 22C shows a straight 
light image which is formed by the PCB-reflected light from the lighted PCB portion, on the image-take surface 216. 
[0095] Fig. 22D shows a slit light which is, after the EC 22 is mounted on the PCB 20 : incident to the EC 22 and the 
PCB 20. Hereinafter, a portion of the upper surface of the EC 22 to which the slit light is incident will be referred to as 
the "lighted EC portion". Since the slit-light emitter 252 and the CCD camera 194 are inclined or oriented at different 

io angles with respect to the PCB 20, the lighted PCB portion and the lighted EC portion are present on different straight 
lines. Accordingly, Figs. 22E shows a light image formed by the EC-reflected light from the lighted EC portion and a 
light image formed by the PCB-reflected light from the lighted PCB portion, such that the two light images are present 
on different straight lines. Therefore, if each of the two images taken before and after the mounting of the EC 22 includes 
a straight light image formed by the reflected slit light, the computer judges that the EC 22 has not been safely mounted 
on the PCB 20. On the other hand, if the image taken before the mounting of the EC 22 includes a straight light image 
formed by the reflected slit light and the image taken after the mounting of the EC 22 includes a discontinuous light 
image formed by the reflected slit light, the computer judges that the EC 22 has been safely mounted on the PCB 20. 
(0096] In the present embodiment, it is not essentially required that the angle at which the slit-light emitter 252 emits 
me sin light and the angle at which the CCD camera 194 takes the two images be each inclined by 45 degrees with 

20 fospcct to a straight line perpendicular to the upper surface of the PCB 20. In fact, it is possible to select any other 
titcfendtron diiclo lor each of the two devices 252, 1 94. 

[0097) In c<tch of the first to sixth embodiments of the present invention, the EC mounting device 24 includes the 
pljrnlity d CC suckers 44 which are revolved around the common axis line while being sequentially stopped at the EC 
sockr>g position and the EC mounting position. However the EC mounting device 24 may be replaced with a device 

2S wnch includes ;ir EC sucker and linearly moves the EC sucker so that the EC sucker takes an EC from an EC supplying 
dov»co find mounts the EC on a PCB. For example, the EC mounting system 10 shown in Fig. 1 may be replaced with 
an EC rrountmg system 400 including an EC mounting device 402 which includes an EC sucker 404 and linearly moves 
the EC sucker 404 in each of an X direction and Y direction which are perpendicular to each other on a horizontal plane 
so th*t ihp FC sucker 404 is moved to an arbitrary position on the horizontal plane 

30 [0098] The FC mounting system 400 includes a base 410, and a PCB conveying device 414 which is provided on 
the base 410 and which conveys a PCB 412 in the X direction (i.e., in the right-left direction in Fig. 23). The PCB 412 
when is conveyed by the PCB conveying device 414 is positioned, and held, at a predetermined position by a PCB 
holding device (not shown). 

[0099] The EC mounting system 400 further includes an EC supplying device 420 which is provided on one of opposite 
35 end portions of the base 410 that are opposite to each other in the Y direction perpendicular to the X direction in Fig. 
23. The EC supplying device 420 includes a plurality of EC supplying units 422 which are provided on a stationary 
unit-support table (not shown) such that respective EC-supply portions of the EC supplying units 422 are arranged 
along a straight line parallel to the X direction. 

[0100] The EC mounting device 402 includes an X-direction slide 428 and a Y-direction slide 430. The X-direction 
40 slide 428 is moved in the X direction by an X-direction drive device 436 which includes a nut (not shown) fixed to the 
X -direction slide 428; a pair of ball screws 432 as a pair of feed screws which are provided on the base 410 and which 
are threadedly engaged with the nut; and a pair of X-direction-slide moving servomotors 434 which drive or rotate the 
two ball screws 432, respectively. The Y-direction slide 430 is provided on the X-direction slide 428 such that the Y- 
direction slide 430 is movable in the Y direction, and is moved in the Y direction by a Y-direction drive device 442 which 
45 includes a nut (not shown) fixed to the Y-direction slide 430; a ball screw 438 as a feed screw which is provided on the . 
X-direction slide 428 and which is threadedly engaged with the nut; and a Y-direction-slide moving servomotor 440 
which drives or rotates the ball screw 438. 

[0101] The Y-direction slide 430 supports the EC sucker 404 such that the EC sucker 404 is vertically movable and 
is rotatable about an axis line thereof; an elevating and lowering device 444 which vertically elevates and lowers the 

50 EC sucker 404; a rotating device 446 which rotates the EC sucker 404 and thereby rotates an EC held by the sucker 
404 about a center line of the EC; a first CCD camera 448 which takes the image of reference marks provided on the 
PCB 412; and a second CCD camera (not shown) which takes the image of the EC held by the EC sucker 404. The 
first CCD camera 448 is oriented in vertically downward direction in which the camera 448 takes images, and cooperates 
with an image processing device 450 to provide an EC-mounting inspecting device 452. The image processing device 

55 450 is essentially provided by a computer including a RAM and a ROM. The RAM of the computer includes a first 
image memory, a second image memory, an OK flag, and an NG flag, in addition to a working memory like the RAM 
shown in Fig. 10 : and the ROM of the computer stores an EC-mounting inspecting routine represented by the flow 
chart of Fig. 27. 
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[0102] The EC mounting system 400 further includes a control device 460 which controls the EC mounting device 
402, the PCB conveying device 41 4, and the EC supplying device 420, so that the EC mounting device 402 mounts 
ECs 470 (Fig. 25) on a PCB 412. The image processing device 450 is connected to the control device 460. 
[0103] The X-direction and Y-direction slides 428. 430 of the EC mounting device 402 moves the EC sucker 404 to 

s desired positions on a horizontal plane so that the EC sucker 404 takes one EC 470 from one of the EC supplying 
units 422 and mounts the EC 470 on an EC-mount portion of a PCB 412. Fig. 25 shows a flat-package-type EC 470 
which is mounted on a PCB 412 by the EC mounting device 402. The EC 470 includes a square main portion 472 and 
a plurality of lead wires 474 which extend from the four sides of the main portion 472. Fig. 26 shows a plurality of 
conductive pads 476 which are to be electrically connected to the lead wires 474 of the EC 470. 

10 [01 04] Before the EC sucker 404 mounts, on the PCB 41 2, one EC 470 which has been taken from one EC supplying 
unit 422, the first CCD camera 448 is moved to a position right above an EC-mount portion of the PCB 412 on which 
the EC 470 is to be mounted, so that at that position the camera 448 takes an image of the pads 476 and its vicinity. 
After the camera 448 takes the image, the EC sucker 404 is moved to the position right above the EC-mount portion 
of the PCB 41 2, and then is lowered so as to mount the EC 470 on the PCB 412. After the mounting of the EC 470, 

is the CCD camera 448 is moved to the position right above the EC-mount portion of the PCB 41 2, so as to take an image 
of the EC 470 mounted on the PCB 412 and its vicinity. Since the CCD camera 448 is oriented vertically downward, it 
takes the images of the EC 470 and the pads 476 at the position right above the EC-mount portion of the PCB 412. 
After the camera 448 takes the images, the EC sucker 404 is moved toward the EC supplying device 420 so as to take 
another EC 470 to be mounted on the PCB 412. 

20 [0105] Fig. 28 shows an image of the pads 476 which is taken immediately before the EC 470 is mounted on the 
PCB 412, and an image (not shown) taken immediately after the mounting of the EC 470 includes an image of the EC 
470 including the lead wires 474. In Figs. 28 and 29, the same reference numerals 474, 476 as used to designate the 
lead wires and the conductive pads, respectively, in Figs. 25 and 26 are used to designate the respective images of 
the wires and the pads, in Fig. 23, reference numeral 478 designates an image-take surface of the first CCD camera 

2B 448. 

[0106] An input interface of the computer of the image processing device 450 selects, from all the analog signals 
corresponding to all the picture elements of the image-take surface 476 (i.e., field of view) of the CCD camera 443, 
the analog signals corresponding to the picture elements of an image-process area, and converts the selected analog 
signals into sets of digital multilevel image data. That is, sets of digital multilevel image data obtained from the image 

30 taken before the mounting of the EC 470 are stored in the first image memory, and sets of digital multilevel image data 
obtained from the image taken after the mounting of the EC 470 are stored in the second image memory. Each set of 
digital multilevel image data corresponding to each picture element of the image-process area can indicate one of 
values from 1 to 256 corresponding to 256 degrees of lightness of an image. The lighter the image is, the greater the 
set of multilevel image data indicates. 

3S [01 07] Then, the computer of the image processing device 450 judges whether each EC 470 has been safely mounted 
on the PCB 20, and judges whether the each EC 470 has been accurately mounted on an EC-mount portion of the 
PCB 41 2, based on the sets of multilevel image data stored in the first image memory and the sets of multilevel image 
data stored in the second image memory, according to the EC-mounting inspecting routine of Fig. 27. First, at Step 
S31 . the computer judges whether a multilevel value, i.e., a degree of lightness indicated by a set of multilevel image 

•*o data corresponding to each of the picture elements of the image-process area and obtained from the image taken after 
the mounting of the EC 470, has changed from a multilevel value indicated by a set of multilevel image data corre- 
sponding to the each picture element and obtained from the image taken before the mounting of the EC 470. More 
specifically described, the computer subtracts the latter multilevel value from the former multilevel value and, if the 
absolute value of the thus obtained value is greater than a reference value, it judges that the former multilevel value 

-»5 has changed from the latter multilevel value. That a multilevel value has changed indicates that a degree of lightness 
of an image formed on a picture element has changed, that is, indicates that a certain change has occurred to the 
object whose images are taken by the CCD camera 448. 

[01 08] Here it is assumed that the image of the main portion 472 of the EC 470 is the darkest and the sets of multilevel 
image data corresponding to the picture elements of that image indicate the value of 25 as the 25th degree of lightness, 

so that the sets of multilevel image data corresponding to the picture elements of the image of the PCB 41 2 indicate the 
value of 100, and that the sets of multilevel image data corresponding to the picture elements of the images of the lead 
wires 474 and the conductive pads 476 indicate the value of 220. Therefore, in the case where an EC 470 is mounted 
on a PCB 412, a multilevel value, i.e., a degree of lightness indicated by a set of multilevel image data corresponding 
to each of the picture elements of the image of the main portion 472 of the EC 470 taken after the mounting of the EC 

55 470, changes from a multilevel value indicated by a set of multilevel image data corresponding to the each picture 
element of the image of the main portion 472 taken before the mounting of the EC 470. 

[0109] After the computer judges, for each of the picture elements of the image-process area, whether a multilevel 
value, i.e., a degree of lightness has changed, the control of the computer goes to Step S32 to judge whether the ratio 
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of the picture elements for each of which a degree of lightness has changed, to all the picture elements of the image- 
process area, is greater than a reference value. If a negative judgement is made at Step S32 : the computer judges 
tnat the EC 470 has not been safely mounted on the PCB 412 and the control thereof goes to Step S37 to set the NG 
flag. The computer uses this reference value commonly for each of different sorts of ECs 470 having different sizes. 
5 That is, the reference value can be used for judging whether the EC 470 having the smallest size has been safely 
mounted on the PCB 412. 

[01 1 0] On the other hand, if a positive judgment is made at Step S32. the computer judges that the EC 470 has been 
safely mounted on the PCB 412 and the control thereof goes to Steps S33 to S35 to judge whether the EC 470 has 
been accurately mounted on the EC-mount portion of the PCB 412. At Step S33, the computer converts the sets of 

10 multilevel image data stored in each of the first and second image memories, into sets of bMevel or binary image data, 
by comparing a value indicated by each set of multilevel image data, with a threshold value. In the present embodiment, 
the computer produces, if a value indicated by each set of multilevel image data is greater than the reference value, 
a set of binary image data indicating the value of "1 \ and produces, if a value indicated by each set of multilevel image 
data is not greater than the reference value, a set of binary image data representing the value of "0". This reference 

*5 value is predetermined so that the computer produces a set of binary image data indicating the value of "1 for each 
of the picture elements of the images of the wires 474 and the pads 476, and produces a set of binary image data 
indicating the value of "0", for each of the picture elements of the images of the PCB 412 and the main portion 472 
[0111] After a batch of binary image data is produced at Step S33, the control of the computer goes to Step S34 to 
inspect the respective positions of the images of the conductive pads 476 and the lead wires 474 formed on the x-y 

20 coordinate plane provided on the image-take surface 478 of the CCD camera 448. Each EC 470 has the lead wires 
474 projecting from the four sides of the main portion 472, and the pads 476 are arranged in two arrays parallel to the 
X direction and two arrays parallel to the Y direction on the PCB 412. Thus, the images of the wires 474 consist of two 
arrays parallel to the x direction and two arrays parallel to the y direction, and the images of the pads 476 consist of 
two arrays parallel to the x direction and two arrays parallel to the y direction, too. As shown in Fig. 28, the computer 

25 superposes, on each of the two pad-image arrays parallel to the x direction, two seek lines, L, which are parallel to the 
x direction and which are distant from each other by a distance shorter than the length of the pads 476 in the y direction, 
and superposes, on each of the other, two pad-image arrays parallel to the y direction, two seek lines, L which are 
parallel to the y direction and which are distant from each other by a distance shorter than the length of the pads 476 
in the x direction. Similarly, though not shown, the computer superposes, on each of the two wire-image arrays parallel 

30 to the x direction, two seek lines, L, which are parallel to the x direction and which are distant from each other by a 
distance shorter than the length of the pads 476 in the y direction, and superposes, on each of the other two wire- 
image arrays parallel to the y direction, two seek lines, L which are parallel to the y direction and which are distant 
from each other by a distance shorter than the length of the pads 476 in the x direction. 

[0112] Regarding one pad-image array parallel to the x direction, for example, the computer seeks the position of 

35 each of the images of the pads 476, on each of the two seek lines L applied to the one pad-image array. More specifically 
described, first, for each of the picture elements of the images of the pads 476 that have the same y coordinate of the 
picture elements of one ol the two seek lines L parallel to the x direction, the computer judges whether, in an order 
starting with the picture element having the smallest x coordinate value, a value indicated by a set of binary image 
data corresponding to the each picture element has changed from that indicated by a set of binary image data corre- 

40 sponding to a picture element having an x coordinate value smaller by one than that of the each picture element. As 
described above, a set of binary image data indicating the value of 0 is given to a picture element on which no image 
of the pads 476 is formed, i.e., on which the image of the PCB 41 2 is formed, and a set of binary image data indicating 
the value of 1 is given to a picture element on which the image of any pad 476 is formed. Therefore, if the image of 
the PCB 412 is formed on one of two picture elements adjacent to each other on the one seek line L and the image of 

45 any pad 476 is formed on the other picture element, and simultaneously if the x coordinate value of the former picture 
element is smaller by one than that of the latter picture element, the computer judges for the latter picture element that 
the value, 1 , indicated by the set of binary image data corresponding to the latter picture element has changed from 
the value, 0, indicated by the set of binary image data corresponding to the former picture element. In the above- 
indicated case, if the x coordinate value of the latter picture element is smaller by one than that of the former picture 

50 element, the computer judges for the former picture element that the value, 0, indicated by the set of binary image data 
corresponding to the former picture element has changed from the value, 1 , indicated by the set of binary image data 
corresponding to the latter picture element. The above-indicated first change from the value of 0 to the value of 1 
indicates the point of starting of the image of one pad 476, and the second change from the value of 1 to the value of 
0 indicates the point of ending of the image of the same pad 476 or another pad 476 on the one seek line L Irrespective 

55 of whether the value of 0 may be changed to the value of 1 or the value of 1 may be changed to the value of 0, the 
computer selects the x coordinate value of only one of each pair of picture elements which are adjacent to each other 
and which correspond two sets of binary image data one of which indicates the value of 1 and the other of which 
indicates the value of 0, in such a manner that the computer stores, in the RAM in an order starting with the smallest 
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x coordinate value, the selected x coordinate values of the picture elements that correspond the sets of binary image 
data each indicating the value of 1. That is, the computer does not store the respective x coordinate values of the 
picture elements that correspond to the sets of binary image data each indicating the value of 0. Thus, the computer 
stores the respective x coordinate values of the starting and ending points of each of the images of the pads 476 as 

s seen in the x direction. On the other seek line L, the computer seeks each pair of picture elements which are adjacent 
to each other and which correspond two sets of binary image data one of which indicates the value of 1 and the other 
of which indicates the value of 0, and stores, in the RAM in the order starting with the smallest x coordinate value, the 
respective x coordinate values of the picture elements that correspond the sets of binary image data each indicating 
the value of 1 . For example, regarding one pad-image array parallel to the x direction, the computer obtains, on one 

10 seek line L parallel to the x direction, the respective x coordinate values, x^ x 2 , x 3 , x 4 , indicative of the respective 
positions of the pads 476, and obtains, on the other seek line L parallel to the x direction, the respective x coordinate 
values, x^, x n+2 , x n+3 , x n+4 , .... indicative of the respective positions of the pads 476, as shown in Fig. 29A. 
[0113] Thus, based on the batch of binary image data obtained from the first image taken immediately before the 
mounting of each EC 470, the computer determines the positions of the images of the four arrays of conductive pads 

15 476. Then, similarly, based on the batch of binary image data obtained from the second image taken immediately after 
the mounting of each EC 470, the computer determines the positions of the images of the four arrays of lead wires 
474. For example, regarding one of the two arrays of lead wires 474 parallel to the x direction, the computer determines, 
on one of the two seek lines L, the respective x coordinates, x,', x 2 \ x 3 ', x 4 \ of the picture elements where degrees 
of lightness change and determines, on the other seek line L, the respective x coordinate values, x n+1 ', x n+2 \ x n+3 \ 

20 x n+4 \ .... of the picture elements where degrees of lightness change, as shown in Fig. 29B. However, the images of 
the lead wires 474 may not coincide with those of the corresponding conductive pads 476, and not all the picture 
elements where degrees of lightness change may indicate the starting and ending points of the images of the lead 
wires 474. 

[01 1 4] After the computer determines the positions of the images of all the lead wires 474, the control of the computer 
25 goes to Step S35 to judge whether the EC 470 has been accurately mounted on the EC-mount portion of the PCB 
412. by judging whether the images of the lead wires 474 accurately coincide with the images of the corresponding 
pads 475. More specifically described, the computer compares each of the ordered and stored x or y coordinate values 
obtained from the images of each array of lead wires 474 on each seek line L, with a corresponding one of the ordered 
and stored x or y coordinate values obtained from the images of a corresponding array of pads 476 on the same seek 
30 line L, respectively, in the order of storage of the x or y coordinate values in the RAM, i.e., in the order starling with the 
smallest x or y coordinate value. If the absolute value of the difference of each pair of coordinate values compared 
with each other is not greater than a reference value, the computer judges that a corresponding lead wire 474 has 
been accurately mounted on the EC-mount portion of the PCB 412; but if it is, it judges that the corresponding lead 
wire 474, and therefore the EC 470 itself, has been mounted out of position relative to the EC-mount portion of the 
35 PCB 412. 

[01 1 5] More specifically described, regarding one array of images of lead wires 474 parallel to the x direction, shown 
in Fig. 29B, the computer compares each of the x coordinate values x/, x 2 \ x 3 \ x 4 \ ... obtained on one of the two seek 
lines L applied to the one array, with a corresponding one of the x coordinate values x 1t x 2 . x 3 , x 4 , ... obtained from a 
corresponding array of images of pads 476 on one of the two seek lines L that has the same y-direction position as 

40 that of the above-indicated one seek line L applied to the one array. 

[0116] If the EC 470 is mounted out of position relative to the EC-mount portion of the PCB 412, the lead wires 474 
may be misplaced relative to the conductive pads 476, in various ways. For example, in the case where the EC 470 
mounted on the PCB 412 has a rotation -position error, i.e., an angular error about an axis line, the images of the wires 
474 may be inclined relative to the images of the pads 476. as shown in Fig. 29B. In the case where the EC 470 is 

45 misplaced in the X direction on the PCB 41 2, the images of the wires 474 may be alternate with the images of the pads 
476, as shown in Fig. 29C, or the images of the wires 474 may partly overlap the images of the pads 476, as shown 
in Fig. 29D. In each case, for at least one pair of x coordinate values one of which belongs to the x coordinate values 
obtained from each array of images of the wires 474 and the other of which belongs to the x coordinate values obtained 
from a corresponding array of images of the pads 476, the computer judges that the absolute value of the difference 

50 of the one pair of x coordinate values is greater than the reference value, i.e.. that the corresponding lead wire 474 
has been misplaced relative to the corresponding pad 476. 

[0117] If the computer compares the coordinate values obtained from one array of images of lead wires 474 on one 
of the two seek lines L with the corresponding coordinate values obtained from one array of images of conductive pads 
476 on the same seek line L, and judges that all the wires 474 have accurately been mounted on the PCB 412, then 
55 the computer compares the coordinate values obtained from the same array of images of wires 474 on the other seek 
line L with the corresponding coordinate values obtained from the same array of images of 476 on the same, other 
seek line L. The computer may be modified to determine the respective positions (i.e., coordinate values) of each array 
of images of wires 474. or each array of images of pads 476, by applying, in place of the two seek lines L, a single 
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seek line L to each of the two arrays. However, the computer can more accurately judge whether the wires 474 have 
been misplaced relative to the corresponding pads 476 : by employing the two seek lines L than the single seek line L. 
For example, Fig. 29B shows that the absolute values of the differences between the x coordinate values obtained 
from the images of the pads 476 on one of the two seek lines L and the corresponding x coordinate values obtained 
5 from the images of the pads 476 on the same seek line are very small but the absolute values of the differences between 
the x coordinate values obtained from the images of the pads 476 on the other seek line L and the corresponding x 
coordinate values obtained from the images of the pads 476 on the same, other seek line are very large. In this case, 
the computer can judge that the wires 474 have been misplaced relative to the pads 476. 

[0118J If the computer judges that at least one lead wire 474 has been misplaced relative to the corresponding 
to conductive pad 476, it makes a positive judgment at Step S35. Then, the control of the computer proceeds with Step 
S37 to set the NG flag. On the other hand, if the computer finds no misplacement of the wires 474 relative to the pads 
476, for all the images of wires 474 and all the images of pads 476 on all the eight seek lines L, it makes a negative 
judgment at Step S35. Then, the control of the computer goes to Step S36 to set the OK flag. 
[0119] In each of the first to sixth embodiments shown in Figs. 1 to 22, the CPL emitter 190 or the slit-light emitter 
'5 252 is provided outside the locus of revolution of the EC suckers 44, and the CCD camera 1 94 is provided inside the 
locus. However, they may be provided vice versa. 

[0120] In each of the first to sixth embodiments shown in Figs. 1 to 22, it is assumed that the dimensional errors of 
the images taken by the CCD camera 194 because of the distance between the camera 194 and an object are very 
small and can be neglected. However, in the case where those dimensional errors are considerably large and cannot 

20 be neglected, or in the case where those dimensional errors cannot be neglected because so high accuracy of mounting 
of ECs is required, the computer may be modified to compensate for those dimensional errors or changes by correcting, 
by calculation, the dimensions of the images taken by the camera 1 94. Alternatively, for example, a telecentric optical 
system (i.e., lens system) may be employed so that images free from dimensional errors because of distance may be 
formed on the image-take surface of the CCD camera 1 94. 

25 [0121] In the third embodiment shown in Figs. 14 to 16, it is assumed that the vertices of the ECs 22 or the pads 
240 are not rounded or chipped, i.e. : are rectangular and accordingly the positions of the vertices can be determined. 
However, there are some cases where the vertices of ECs or pads 240 are rounded or chipped. In those cases, the 
computer may apply, as taught in U.S. Patent No. 5,754,677, a measure template including a plurality of seek lines L, 
to the images of an EC and a pad, so as to determine edge points of the EC and the pad and determine, based on the 

30 determined edge points, the outline or profile of each of the EC and the pad. In this case, the computer can determine, 
based on the determined outline of each of the EC and the pad, the positions of the vertices of each of the EC and the 
pad. and can judge, based on the determined positions, whether the EC has been accurately mounted on the EC- 
mount portion of the PCB. 

[0122] In each of the first to sixth embodiments shown in Figs. 1 to 22, the computer converts the electric signals 
35 supplied from the CCD camera 194, into sets of binary image data, and processes the thus obtained sets of binary 
image data. However, the computer may be modified to convert those electric signals into sets of multilevel (e.g., 
256-level) image data, and processes the thus obtained sets of multilevel image data For example : the computer can 
use the sets of multilevel image data in judging whether an EC has been safely mounted on an EC-mount portion of 
a PCB, as explained in the seventh embodiment shown in Figs. 23 to 29. 
40 [0123] In each of the first to sixth embodiments shown in Figs. 1 to 22, the optical axis of the CPL emitter 1 90 or the 
slit-light emitter 252 and the optical axis of the CCD camera 194 are, as seen in the Z direction, parallel to the Y 
direction, i.e., one of two side surfaces of each EC 22 that are adjacent to each other and are perpendicular to each 
other. However, those optical axes may be parallel to the X direction, or may be inclined with respect to both the X and 
Y directions. This is true with all the cases, irrespective of whether the lighting device is provided by the CPL emitter 
■*s 1 90, the slit-light emitter 252, or a device which includes a point light source and emits, toward an object, a light radiated 
from the point light source. 

[0124] In each of the illustrated embodiments shown in Figs. 1 to 29, a solder paste is applied to an inner portion of 
the upper surface of each of the conductive pads 240, 476, and the images of the pads 240, 476 are taken by the CCD 
camera 1 94 or 448. However, in some cases, a solder paste is applied to just the entire upper surface of each pad, 
so without overflowing the edge lines of the upper surface. In those cases, the image of the solder paste applied to each 
pad may be taken as the image of the each pad. 

[0125] In other cases, the main or base portion of each EC is temporarily fixed to a PCB with an adhesive. In those 
cases, the images of conductive pads are taken. More specifically described, in those cases : the electrodes or lead 
wires of the each EC and/or the conductive pads are coated with solder in advance, and no solder paste is applied to 
55 the pads. The solder used for the coating does not influence the taken images of the pads. Thus, the images of the 
pads can be easily taken. 

[0126] In the seventh embodiment shown in Figs. 23 to 29, the EC-mounting inspecting device 452 judges whether 
each EC 470 having lead wires 474 has been safely mounted on a PCB 412, and whether the each EC 470 has 
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accurately mounted on an EC-mount portion of the PCB 412. However, the inspecting device 452 can perform those 
judging operations on an EC of a type which has no lead wires. In each of the first to sixth embodiments shown in Figs. 
1 io 22. the EC-mounting inspecting device 32, 250 judges whether each EC 22 of a type which has no lead wires has 
been safely mounted on a PCB 20, and/or whether the each EC 22 has accurately mounted on an EC-mount portion 
s of the PCB 20. However, the inspecting device 320, 250 can perform those judging operations on an EC of a type 
which has lead wires. 

[01 27] In the seventh embodiment shown in Figs. 23 to 29, the EC mounting device 402 linearly moves the EC sucker 
404. In this embodiment, the EC-mounting inspecting device 452 may employ a lighting device and an image taking 
device whose optical axes are inclined with respect to a straight line perpendicular to the upper surface of the PCB 
10 412. In this case., the image taking device takes images in the state in which the EC sucker 404 is positioned right 
above each EC- mount portion of the PCB 41 2. 

[0128] In the case where the previously-described movable-member moving device moves the movable member 
which supports the holder moving device including the rotary members and the rotary-motion applying device, or the 
different holder moving device including the intermittent-rotation body or the rotatable body and the rotating device, 

75 the movable member may additionally support an image taking device. In this case, the image taking device may take 
images in the state in which it is positioned right above each EC-mount portion of a PCB. Alternatively, the image taking 
device and a lighting device may be provided such that the respective optical axes thereof are inclined with respect to 
a straight line perpendicular to the upper surface of a PCB. In the latter case, the image taking device may take images 
in the inclined direction, in the state in which each EC holder is positioned right above each EC-mount portion of the PCB. 

20 [0129] In each of the illustrated embodiments shown in Figs. 1 to 29, the single lighting device 190, 252 and the 
single image taking device 194, 448, i.e., a single pair of lighting device and image taking device are employed. The 
lighting device lights the EC 22, 470 and the PCB 22, 412 in one direction parallel to the Y direction, and the image 
taking device 194, 448 takes images in one direction parallel to the Y direction. However, it is possible to employ a 
plurality of pairs of lighting device and image taking device which emit a light and take images in a plurality of directions, 

2B e.g., two directions perpendicular to each other. Alternatively, it is possible to employ a single pair of lighting device 
and image taking device which are movable so that the lighting device and the image taking device may emit a light 
and take images in a plurality of directions. 

[0130] It is to be understood that the present invention may be embodied with other changes, improvements, and 
modifications that may occur to one having skill in the art without departing from the scope of the invention. 

30 [0131] Each feature disclosed in this specification (which term includes the claims) and/or shown in the drawings 
may be incorporated in the invention independently of other disclosed and/or illustrated features. 
[0132] Statements in this specification of the "objects of the invention" relate to preferred embodiments of the inven- 
tion, but not necessarily to all embodiments of the invention falling within the claims. 
[0133] The description of the invention with reference to the drawings is by way of example only. 

35 [0134] The text of the abstract filed herewith is repeated here as part of the specification. 

[0135] A method of mounting a plurality of electric components on a circuit substrate and thereby producing an 
electric circuit, including the steps of taking, immediately before each of the electric components is mounted on the 
circuit substrate, a first image of a first portion of the circuit substrate on which the each electric component is to be 
mounted and a second portion of the circuit substrate that is adjacent to the first portion, mounting the each electric 

40 component on the circuit substrate, taking, immediately after the each electric component is mounted on the circuit 
substrate, a second image of the mounted electric component and the second portion adjacent to the mounted electric 
component, and inspecting, by comparing the first and second images with each other, a state in which the each electric 
component is mounted on the circuit substrate. 

45 

Claims 

1 . A method of mounting a plurality of electric components on a circuit substrate and thereby producing an electric 
circuit, comprising the steps of: 

so 

taking, immediately before each of the electric components is mounted on the circuit substrate, a first image 
of a first portion of the circuit substrate on which said each electric component is to be mounted and a second 
portion of the circuit substrate that is adjacent to the first portion, 
mounting said each electric component on the circuit substrate, 
55 taking, immediately after said each electric component is mounted on the circuit substrate, a second image 

of the mounted electric component and the second portion adjacent to the mounted electric component, and 
inspecting, by comparing the first and second images with each other, a state in which said each electric 
component is mounted on the circuit substrate. 
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2. A method according to claim 1. wherein the step of taking the first image comprises taking the first image, using 
an image taking device, at a position relative to the circuit substrate, and the step of taking the second image 
comprises taking the second image using said image taking device at said position relative to the circuit substrate. 

s 3. A method according to claim 1 or claim 2, wherein the step of mounting said each electric component comprises 
rotating a component holder which is rotatable about an axis line and which holds said each electric component, 
stopping the component holder at a predetermined component mounting position, moving the first portion of the 
circuit substrate to a position corresponding to the component mounting position, and mounting said each electric 
component on the first portion positioned at the component mounting position, and wherein the steps of taking the 

io first and second images comprise taking the first and second images in a state in which the first portion is positioned 

at the component mounting position. 



4. A method according to any one of claims 1 to 3, wherein the step of taking the first image comprises taking, using 
an image taking device having a predetermined field of view, the first image at a timing before a component holder 
is which holds said each electric component enters a predetermined image-process area included in the field of view 

of the image taking device, and the step of taking the second image comprises taking, using the image taking 
device, the second image at a timing after the component holder mounts said each electric component on the 
circuit substrate and exits from said image-process area. 

20 5. a method according to any one of claims 1 to 3, wherein the step of taking the first image comprises taking the 
first image at a timing at which the taken first image includes a third image of a component holder which holds 
said each electric component, and the step of taking the second image comprises taking the second image at a 
timing at which the taken second image includes a fourth image of the component holder which has mounted said 
each electric component on the circuit substrate, the fourth image included in the second image being substantially 

25 identical with the third image included in the first image. 

6. A method according to any one of claims 1 to 5, wherein the step of inspecting the state comprises judging whether 
said each electric component has been mounted on the circuit substrate. 

30 7. A method according to any one of claims 1 to 6, wherein the step of inspecting the state comprises judging whether 
said each electric component has been accurately mounted on the first portion of the circuit substrate. 



8. An electric-component mounting system (10, 400) comprising: 



a circuit-substrate supporting device (28, 414) which supports a circuit substrate; 

an electric-component mounting device (24, 402) which mounts a plurality of electric components on the circuit 
substrate supported by the circuit-substrate supporting device; 

an image taking device (1 94, 448) which takes, immediately before each of the electric components is mounted 
on the circuit substrate, a first image of a first portion of the circuit substrate on which said each electric 
component is to be mounted and a second portion of the circuit substrate that is adjacent to the first portion, 
the image taking device taking, immediately after said each electric component is mounted on the circuit sub- 
strate, a second image of the mounted electric component and the second portion adjacent to the mounted 
electric component; and 

an inspecting device (32, 250, 452) which inspects, by comparing the first and second images with each other 
a state in which said each electric component is mounted on the circuit substrate. 

9. A system according to claim 8, further comprising a lighting device (190, 252) which emits a light toward the circuit 
substrate in a first direction inclined with respect to a straight line perpendicular to a surface of the circuit substrate, 
wherein the image taking device is oriented toward the circuit substrate such that the image taking device takes 
the first and second images in a second direction inclined with respect to the straight line. 



10. A system according to claim 8 or claim 9 : wherein the electric-component mounting device comprises a plurality 
of component holders (44) which hold respective electric components and which are rotated about a common axis 
line while being sequentially stopped at a predetermined component mounting position, wherein the circuit-sub- 
strate supporting device comprises a circuit-substrate positioning device (60) which positions the first portion of 
the circuit substrate at a position corresponding to the component mounting position, and wherein the image taking 
device comprises a stationary image taking device (194) which is provided in vicinity of the component mounting 
position. 
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11. A system according to any one of claims 8 to 10 : wherein the inspecting device comprises means (1 96. 45C. Si . 
S2, S1 1 , S21 , S31 , S32) for judging whether said each electric component has been mounted on the circuit sub- 
strate. 

5 12. A system according to any one of claims 8 to 11, wherein the inspecting device comprises means (196. 450 : 
S12-S15, S22, $23, S27, S33-S35) forjudging whether said each electric component has been accurately mounted 
on the first portion of the circuit substrate. 
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